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T THIS USED TO BE A 6ARARGE ~UNTI /N
ELECTRONICS . ENTHUSIAST Moyved IN! BY
NOW /T8 SO CLuTTECED THAT THERE (S NO
ROOr? FOR THE CHR, INSTERD, THERES B B /6
WORK-BENCH AT THE LEFT. LETS TAKE A CLoSER LOXK..
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A TYPIERL WORK ~ BENCH,
AT FIEST Sis47. SOME
FASCINAT NG ELECTRONIC
PG RDFETSY AND A BOOK,
BUT STRANGE THINGS ARE
RBOUT 7O HRAPPEN HERE,
AS we wir See/




voy CAN FIND

ouT SeON ENOYGH,  fpos
IF You cLird uP 3
_ THERE

ARE You S4yPE THAT
HEX gowne 7

Zoond | WAS DYINg
TO STRETCH My LEFS. S

THE PIYSTERIES OF...| | HEy, TRANS! S
Loox A7 7HIS.
/r5 A sceesr!

ox o/ G,
! Dow'r BELIEVE /T....

“THRT S wuaT
/7 27698 !
175 s7uPo/

1 COMIING ...
Bur You MiGH T &IVE
mE A Hanod

ELectroncs 117 asout s P

JusT toox &7 THISS 7 DaN,’r T T
WHATYS so
THE M oF PPYSTER) OcS

./‘

WE ZL Spon CLERK

wp THE I
Prirysrenrest

WE LL INTRODUCE YOU TD
OUR FRIENDS, THE OTHER
COMPONENTS , AND EXPLAIN
Holw T7H. /e
EY WoR,
(/... AND TERCH You A FEW

BRSIC PRINCIPLES AND SHOW
Vou HOW TO SOLOER....

THERE'S Mo “mysTERYY ABOYT
ELECTRONIES . ITS JUST A GLEAR7T
+HoB8Y /!

e EXPLRIN
EVEREYTHiNE STEP
BY S7ep_ _ _

TRONSI AND
/] WL PROVE
e

- AND Boypup ALL
KINDS DF inTERESTING
cecuirs I

By

WELL, WagT ARE
WE wsTmE FO?.’




RIctT !
LETS G0 AMD Looe
FOR THE orwers.

; o4 Dear. .
[ DOWN A&AIN.

ﬂm VLL n-

TROODUCE You 70
THE orsER
ELECTRON I

[ TRIPPED OVER
BTy, 7'75’/:;3

THE CAPRCITOR FALIILY.
WE (SED TO CRLL THEM
YCoNDENSORS™

QUL SViriB oL
/N C/RCU/TS,

IN ALL CIBCUYIT DiA -
T o GREIS , WE USE SYMBOLS
FORL THE COMPONENTS,
/7% MucH EASIER AND
; CLEARER.

DDN/T WoRgR \ 25
THEYRE VERY EASY

7O REMEMBER.

THESE ARE ELECTROLYII
CRPAC I1TORS .

2Y S/STERS,
THE RES/STORS

INTRODUCE

AND HEREE My FAMILY - Fre
SEMICONDUCTORS ! WERE kNown
AS THE Recrrve COPIPONENTS , BECHYSE
WE Mok THINGS Happey, WerE 7 vepy,

HEY,

ME FrrsTf JHold T,

You !

BLUSHING
BERIN S

R
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BLaBLAsLg. ..
Aand Bla sm

AND THERES THLS IMISCELLANEQUS
BUNCH . THE VAEIABLE CAPACITORS
(1), PoTENTIOMETERS (2), LOUDSPERKERS
(3) HeappHONES (4), oD SO o

THE LINES BETWEEN
THE SyMBoLS
SHOW How THE
COMPONENT S ARE
CONNECTED .

/ RERDING CIRCUIT DIRGRAIT
KNOW THE TRICKS .

THIS Dot
SHoWS THRT
THIS /1§ A
CONNECTION. .-

- NO Dor
PEANS NO
CONNECTION .

| | corrponeEnT NUrBER WRITTEN
| NERRBY. :

THE COIMPONENTS ARE SHOWN AS
SYMBOLS , WiTH THE VALUE AND

NOWARDAYS, COMPONENTS
ARE USUA?MV LTOUNTED ON
A PRINTED C/war

NpT SO LON& Aso, YARDS AND YARDS
OF COLOYRED WIRE WERE USED
FOR CONNECTIONS BETWEEN THE

COMPONENTS . ..

SOMETIMES

/T WAS Qu/TE
NER7, BYT r7oR€
OFTEN THAN NoT
ST WAHS one Blg....

A PRINTED CIRCUIT BORRD /3 A
PUCH BETTER SOLUTION . THE
COPPER TRACKS REPLACE MOST
0F THE WIRING. .

LET ME SHOW you
How A PRINTED

WE PREFER 70 BE *soLbered” INTO PLACE. THIS 1S
PROVIDED You (SE THE RIGHT TVYPE OF .Sa/.ogk THE STUFF
T//é_i?f /S NO B&T7TT7TER WAY OF MAKING A [ LIKE.

CONNECTION /

C/Rcu T BORRD
/& pRDE -

THIS IS
ONE ey
OF DOKG




" BRSED ON THE
CIRCUIT DIRGRAI , | DRIW
8 TRACK PATTERN

ON PADER . 0/—761?
CHECKING 77...

THE INEXT STEP ;
/S 70 7axE A
PHOTO OF /T,

I PUTTING 1Y ORIGINAL DROWING
UNDER £/ REPRpDUCER ((THIS /S

TUST B BI§ careRa).

NOW [ GET A LIFE=
S/ZE NEGATIVE OF
THE TRACK PATTERN.

WHEN /758 DRY, / LAY /7 ON 70P
OF R PIECE OF L/IGHT -SENSITIVE
PRINTED CIRCUIT BORPD. [ SE
CLTRA- VIOLET LigtT To*Exrose”
/T, THEN DEVELOP 1T /1N 2

SPEC/AL CHErIICAL . j/——/

'DEVELOPING
| THE
Bl NEGRTIVE,

THIS LEAVES A PROTECTIVE
LRVER OVER THE COPPER,

N THE BEST pF THE CODER /S
 EXPOSED ., BY THE WARY,
.':VEA’ /N JNDUSTRY. ..

THIS 17ETHOD
IS OFTEN (SED
WHEN ONcy A
FEW Boaros

HRE REQU/IRED.

il Ba@ﬁb CAN NOW BE ETCHED IN R BATH OF

: . T ] FERRIC CHLORIDE . THIS WL REMrove
UL THE EXPOSED COPPER, LEAVING
THE TRACKS .

I 7TRY NoT
7O SPiLL
17, BECruse

1T LERVES
NGSTY STAINS

WHEN 1T IS ETCHED,
/T MUST BE

THOROUGHLY IWASHED
. FND DRIED .

(/T IS INTERESTING 70 ANOW
THRT THIS TECHNIGUE WAS
ANOWN BEFORE THE TWELETH
CENTURY. /T WBS USED BY
A‘ET/STS, TO MRKE WHRT 7THEY
CRLL “ETCcHINGS® THEY DIdNT
roUNT ELECTRONIC corfpolve‘/vrs

ON THEPY, THOUGH ! /RyBE
THEY Woutd HAVE Dowe , IF
THEY D ANOWN HOW PRETTY
THESE COMPONENTS ARE [

" Ay, ‘r$ so.

Sl/f Lé‘ 78 ger
BRcx 70 OUe JOR,
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THE HOLES IN THE BOARD I7ST BE

DRILLED CARREFUILY, OR ELSE THE
COMPONENTS WONT™ FIT “PROPERLY

A TRANSFER SHOWING THE POSITION OF
THE € OMPONENTS on THE BOARD (5 A i
NICE  FINISHING TOUCH, AND /T SIrIPLIFES
CONSTRUCTION . THIS IS B FEATURE OF
BETTER QUALITY CIRCUIT

BoArRDS |

HoWEyeR , /T (S o
STRICTLY NECESSARY.

FOB INSTANCE, USING
SOME COPRER ~ CLAD
BoRRD , NAIL VARNGSH,

THERE ARE SIMPLER
WRYS OF PRODUCING
PRINTED ClRCUIT BoARDS,
OF COURSE,

BE VERY CAREFUL wiTHd THE
FERRIC CHLORIDE .
Don'T GET /7 OF __\
YourR SKIN OR }

YouR CLOTHES

DRAW THE TRACKS WITH A
PENCIL, AND THEN PRINT
THENT VERY CAREFULLY

WITH THE NAL
VarnISH.-

SPECIAL MATER?
AL S AFE AVRILRBLE
TO HELP WITH THLS,

THEN YOU CAN
| DRILL THE HOLES.

ONCE THE NAL VARNISH HAS
DRIED ~ USE R HEIP DRVER IF
You LIKE - THE BOARD CaN 8¢
ETCHED IN THE FERRIC
CHLORIDE,

A POWER DRILL ON A STAND BE WARRNED .
aNp R STERDY HAND 178kE

THE Jom A LoT
£4S/ER~ AND SAFER!

Breax AuiTe

Tmmm DRIL Br7S Can

DonT uSE Force !

FINALLY, SCRUB OFF RLL THE NRIL IBRNISYH,

THE COPPER IMusST BE PERFECTLY CLEAN

BEFORE You Do ANY
SOLDERING,

ERSILY.




WNE CAN MOUNT THE COMPONENTS NOW - 1N
THEIR PROPER PLACES, OF CourRSE ! THEY riusr
BE PuT N LIKE THIS, SO THAr 7HE
FWIRES STICK THROUGH an
THE CoPPER TRRACK S$IDE

A WORD OF ADVICE : 17 (S WISE 70 BEND
THE COMPONENT LERDS SLigmisy QrWaRDS,
Q) 7O PREVENT THELT FRLLING
\ N Our WHEN THE Bosep
/8 TUENED oVER. ...
e 00PS S

THESE EXAIPLES
SHOW THE Rl T
ANO THE WRING
WRY 7O ArouNT
COr7PONENTS .

DoNT Cur Fae
LERADS OFEF Too
SHORT, 08 You wow'’r
BE FBle 70 soLper
_ THErM S

THE LEZDS CAN BE TRUIMED JINN [ THESE SHOULD HRVE INSULRTED THEN, OF COURSE , You Mus7T ;; ;’f Zf/{fﬂ ]
WITH B Paw oF Good (&) [ #omoces . Hsﬁﬁgj’?g;af"”s‘ | | HAve RSALDERING TRON: TrerEl 00 Zisk =
OURLITY WiRE CuT7TERS 4 NI\ ANO A LITTL BRE [prs OF DIFFERENT TYPES TimeE

N
DRIVER W/l RLSo 2%:3;?{ ¢ BEING.

BUalt RBLE, YOU NEED A FARIRLY
e s—6/74L0L ONE, WITH
A FINE T/P.

THESE RRE THE BRSIK
ESSENTIRLS FOR YOUR
ElecTrRanlc Toot <1T.

REMEMBER, TOO, THRT £00D
QuaLITY (RESIN £0RED) Sarpsp
1S 1MPORTANT.

T

.ggJ
i
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G

BT

.

/r’s' B Go0D IDER. TO BlUY AN /BON WATLH ME CaREFULLY » FIRST OF ALL® TIN THE BT IN OTHER
WITH R STAND , BUT YOU CAN ALWAYS SOLOER N ONE HAND , 1RGN /N THE | | WworDs 5 Vour IWET THE TP OF THE /Ron

MAKE ONE YOURSELF... LIKE This one. | | OTHEE (IUST Like 7 Pent) WiTH B S;acL DROP OF PMIELTED SOLDER.
IT SQUES BURNING HOLES IN THE ] LON U IVKL0 L

DINING - RoorT 7B, & ././




’ & 50LDER

7O S0L0FF e

CORCECTLY, 7HE 7P

OF THE [RON SHOULD

HERT 1ty WiRE LEAD

1| AN THE COPPER TRECK
BT THE SRIME T/IME.

THEN RPLLY THE
d -SDLDEV

AS SOON AS.THE SOLDER HAS
PMMELTED AND FLOWED BounNbd TH!
JoINT, REmpvE THE IRON, THE
WHOLE Jo& SHOULDN'T TRKEG

LONGER THAN ONE OR TWO

SECOMDS ., THAT S BLs THEPE
15 7O (T, SIIPLE, REALLY,

A Gooo WAY TO rMAKE A 84D
SOLDER JOINT . HERT THE WIRE,
Bur NOT THE COPPER TRACK .
THIS WL MRKE 7 POOR CONNEC-
7700 (‘DRY JOINT

DEEINITELY FALL OUT WITH You
o THIS onNE Z

ANCTHER WAY 70 MAKE A7 BRI
SOLDER JOINT. THIS TIHE THE
LRON HERTED THE TRACK, BUT
MISSED THE WIRE . CAPPY WILL

IF YOoUu REALLY WANT TO MAKE
B MESS OF (T, HERT THE SOLDER
BUT Don'r HERT THE COPPER

TRACK OR THE WIRE ...

THIS TiME CAPPY /S SOLDERED IN -
BuT NOT VERY ELEGFANTLY!

we 7oL Youo

Nor To ovERDD

i alid

IN THIS CASE,
TUeN THE Borgd
OVER AND HERT

THE SOLDER REAIN
Wl wwric 1r Fiows
DOWN ONTO THE

WERE BOTH HEATED, AND THE SOLDER
WAS APPLIED COPRECTLY . REIIEITBER:
You musT BE FRIRLY QUICK, OR
CAPPY WILL GET 700 HOT t/WOER
74 Coctne !

RlGHT! THE WIRE RNO THE COPPER ‘

THEORY IS FING , BuT PRACTICE /5
BETTER . WELL STRRT OFF W/iTH
THE SwiTCH AND THE BRTTERY

CONNECTOR, RS THESE ARE LESS

ERSILY DRMAGED BY OVERHERTING,
7 ]

TRAKE TWo LENGTHS OF WIRE, RBOUT S/X

INCHES LONG, BND STRIP B LITTLE OF THE
WSULATION OFF THE ENDS . THEN SoLOER
THEM TO THE

THGS ON THE SWITCH.
= >

2 IF You TN THE
WIRE AND THE
Th&S FIEST.

S ITS EASIER

BATIERY CONNECTOR TO PRINTED

WE Ll LERVE THEN
SWITCH RS IT 1S
FOR THE MOMENT.

NOW SOLDER THE IWIRES FROM Tﬂ.‘:‘)

\ CIRCLIT BORKD NUMNBER ONE. .

PUT THE RED WIRE INTO THE HOLE
MARKED @) AND THE OTHER LEAD INTO
THE HOLE 19ARKED (D, /T HELPS To

TW(ST THE ENDS OF THE WIRES

10




NoW, SOLDER BOTH WIRES
TO THE copptR TRACKS.

MEKE SUBE THART THE SOLDER YOU CAN... GNNN.. . SNIP
JOINTS ARE &OOD ONES.

OFF THE ENDS OF THE
WIBES IF THEY ARE
700 LONG.

You SEE =
(T GETS EASIER
wiTH PRACTICE.

7 NOW WE CAN. . .00PS]
WHERE S 17y 1RoN 7

YES, WE DO... SO TAKkE
1Y ADVICE . NEVER TRY
7O HUBRY THINGS,
IN ELEC TRONICS,
TOEET

EVERYTHING TO
WoRk RS IT SHOULD,
You MUST BE:
CAREFUL ,

\ METHODICAL ,
AND PATIENT!

oo YOU WANT TO KEER
EVERYTHING UNOER

CONTROL .

COoMPONENTS ARE MARRKED /N A
NUMBER OF WRYS LATER ON,
W& W/LL SHoWwW You HOw T

BE CAREFUL WITH THE
COMTPONENTS . DONT LES
THENT ESCAPE /F...

IDENTYEY THEN.

ITS 4 Gopd 1DER
TO SToRE THEM
NERTLY — (T SRVES
A LoT pF SERL-
CHinG ! FLe TIOY
THIS Lol AWRY .

YoU CAN MAKE YOUR OWN STORASE SySTEM,

(USING LARGE IMATCHBOKES. .

NOW, LEFXTS TALK
RBoy7r ELECTRI—~

CITY. .. HEY,
WHARTS THRT
| No/SE?

11

You LockED rME
IN, You SieLyY




5 . [ PU7 SOrME LABELS ON, WA | weir use » g vour anTTERY = . AND TRANS/
COME ON, LETS SO THAT you CAN FIND 4 TO SUPPLY ELECTRIC CURRENT 1S GO/NG TO TELL You
S Y 5 ¥ﬁg T IF THERE e, (A9 aBour- Tt
;_-‘/_{crklc/ ' ' i) (59 NEIT g /; : [@

/?ow e XPQA/N}}{:‘ 1] __: EVERYTHING IS ITROE OF
THE PRINCIPIES OF | T D ] |Dowsisr o 5 wucteus
ENT FIRST : THIS ISN'T Y,
' ‘ ( Gong 70 B
SURELY You | EASY. ..
| can rManNAse =%
7HAT S

. THE \eppe ELECTRONS. . |
. LIKE 7‘/—//.5 LITTLE
- FREEN rT14N.
THEY CAN MovE :
FRori ONE ATOM T0 ANOTHER,
IF THE FIRST ATOM LETS
THEN &0 -

ATOMS CLUSTER TOFETHER
TO FORM IOLECLHES, AND
BILLIONS OF MOLECLLES

COMBINE To FORM A TINY
BIT OF MATERIAL.

. anD TaE
SEconND HAS
R VRCANCY.

A CLOSER
Look AT
THE ELEC-
TRONS THRT
RRE FURTHEST
RWRY FROM THE
CENTRE 0F THE
ATOM . - .

G MATERIAL [N WHICH
SOME OF THE ELECTRONS CAN
TRAVEL RAROUND Line T;,f;_f
18 CRLLED B CONDUCTUR,

T COPPER , FOR EXRMPLE

WHEN LOTS OF Ffffbjﬁggga ” SOMTE (ATERIALS , LIKE GLASS N OTHEE wafos ELECTRONS IN IN SErTI - CONDUETORS’
Ui oD PLASTIC, DON'T ALLoW THge| | CONPUCTORS (COBPER, SILVER) CAN | | (germaniurt, SILICON,)
Wwe CALL THIS A TRAVEL cawrs EASE : ) lo
N ECTRIC cmem:’zvr 4 ELECTRONS 70 riove AROUND . - THEY ARE ONLY RLiowWeEp |

70 MoVE ONE WAY..

THESE ARE CALLED /N:umme:
b : ELECTRIC CURRENT CAN'T
; FLOW N THEN,

-
F

.

12




[\ a0 i insuATORS ( RUBBER,
PLASTIC), THEY CAN HARDLY rMOVE

AT ALl IT Would TAKE A VERY

STRONG PUSH.

LATER ON, WELL 3EE HOw

SEMUCONDLETING ITATERIFLS
BRE USED TO MAKE 'SEMICON —
DucyoRS’ . TRANSISTORS, DIpDES,

TRIACS ANO SO ON ... THE
'ACTIVE' COMrTPONENTS ...

wouar ..
BuUr THATYS
ANOTHER

! THOUGHT A
| PrRACTICAL

DerMonsTra TGN
MIGHT BE & goo0

THIS

/;m_:ic AiTonEEds T
ALl THE7T WATER GRVE ME

AN 10ER . 1LL SHow You.

DRAWING WilL
HELP TO
EXPLAIN

ELECTRIC
CURRENT,




{
1

THE RIVER IS THE CURRENT SUPPLIED
‘BY B POWER STRTION . THERES PLENTY

THE HOUSES REPRESENT THE COMPONENTS !
CAPAC/TORS, RESISTORS AND SO ON. TOGETHER,

THE SuPPLY PIPES ARE
THE POSITIVE (@) SUuPRY

Rl RMD THE DPRAIMS
GRE THE GROUND'
CoNNECTION (D), oV

oR L N CIRCUITS ).

THEY FOEM A/
CIRCUIT,

-

OF WATER . IF You NEEFD SoME, JUST
TAKE IT — OTHERWISE , JUST LET
7 Flow PAST.

/ WRTER SUPPLY
N

1 TS 7 REFERENCE
PoINT, IUST LIKE
THE SER LEVEL {5
R REFERENCE FOR
\ HEIGHT ABOVE SER

THERE RRE TWO STRGES
INVOLVED Y BRINGING WRTER

7D THE HOUSES (ELECTRIC/TY TO
A CIRCUIT ). THE PUNPING
STATION ( THE POWER
SoURCE). - -

THE Geound’

CONNECTION IS
| uSEDH AS A BASIS
FoR RLL KNDS OF
17ERQ SUREMENTS s

CRPACITOR ), (HIcH
SERES 7o kEED THE -
PRESSURE (VoL TAGE] AT

£ CONSTANT LEVEL .
R

WETER 1S GREAT STUFF FOR EXPLAINING
ELECTRICITY AND ELECTRONICS . Youwis
ISIEE

s 4

S we L wse Lo7S OF
17 N THIS Booi!

A BATTERY /S BN ENERGFY SOURCE
THET YOU CAN THROW RAWAY
WHEN TS EMPTY,

. THIS IS £A5IER

TO COMPLETE THE CIRCUIT,
THE WARTER (ELECTRICITY)
PETURNS TO THE PLACE IT
CArE EROI VIR THE DRAIN

oV Ral),

e

Gorey
/D LovE 7O
SEE TRANS!
USING THESE
FLipPERS ! |

D BATTERY HAS
7 PosiTIvE (B ane
A NEZATIVE () enbd

Don'T conFysE

NO CURRENT CAN FLOW WHEN THE TAP [S CLosep.
AS SooN AS IT'S 0PEN, WARTER(CURRENT)
WiLL FLOW FROM HIGH LEVEL To rtow
@ T0E)), 1 ELELCTRICITY, THE
DIFFERENCE
BETWEEN HIGH
| ano Low ceveLs
1S CALLED THE
| 'E ‘voL7TAEE ",
’ /T-s
MEASURED
N VoLTS 'L

NNECTION

14




IF THERE’S A GRERTER DIFFE -

IN THE SRME
WAY . THE HIGHER

THE VOLTAGE, THE

STRONGER THE

CURRENT /5 MEASH-
RED /N RrIPERES,

oR ”rps’ (A,

RENCE /N LEVEL, IMORE WATER
WL FLOW., f———-/

ELECTRIC [YRPENT.

HERE, MIRE WATER FLOWS our
DF THE BIG PIPE THAN OUF OF
THE LITTLE ONE, EVEN THOUGH THE
LEVEL IS THE SAME THE NARROW
PIPE DFFERS /'VMF RESIS rANCE’
ELECTRICAL
PESISTANCE 7§
MERSURED [N ¢

. OHMS LAW.
You LL HAVE TO
UsE /7 VERY

30 VOLTARGE (/] 1S MERSURED
N vorTs (1))

CuReENT(T) 15

MEASURED /N AMPSIA);
RESISTANCE (R) 13
MERSYRED N
oHMS (L1)

THESE THREE RRE
RELATED - THEY CAN BE
7 COMBINED INTO B
FORMULA AKNOWNAS . .

OHMT S LAW

BUT WwHo LIKES
MATHS £7

[ 4SED TO HARVE A LOT OF TROUBLE
REMEMBERING BLL THIS, UNTI [ FRDE
THIS FOUR- LEAF CLOVER. ONE OF THe
LERVES €aAN PIOVE , AND IT IS cuT our
LikE A WINOOW — SO THRAT You can
Sé‘e' TMQ’WGH IT. YOU MUST GET
THE LETTERS
IN THE RI6HT
‘PLQCE‘.

‘W' ar rye mD/

THE REST 1S VERY SImPLE & Pur
7HE ‘WinDoW’® OVER THE VALUE
You WANT, AN THE oTHER 7Tiwg
LEQVES WILL GIVE THE REST oF
THE FoRMULR . WARATCH

Good LoRD!
175 STHL
wrswe !

FOR EXANPLE, IF t/=
T VandI =84
R MUST B & €L .

THERE (S f FowRTw VALUE THAT
HAS To B€ «SED QUITE OFTEN "
’Po wer( ’3) IT 1S rIERSURED IN

warrs (),

LETS CLERAN UP
THE ROOM AND &0
BAck 70 ouR
RIVER,

THESE TWO PADOLE - WHEELS ARE
DRIVEN BY TWO WRTEREALLS OF THE
SAME HEIGHT . Bur PIORE waRTER /S
FLOWIG PAST WHEEL TWO, SO THAT
WHEEL CAN WORBK HARIER - IT CAN
DELIVER Moge




% HARDER.

WATER, WATER; S0, THE POWER DELIVERED

EvcRy were...! §| | By THE PADDIE- WHEELS
e DEPENDS DN TWE FACTORS

ELECTRICITY 495\ ol
& SIMILAR Law: 18T,V 1
POWER ('P)

DEPENDS ON
VoLTaGE AND
CURRENT

S5aME aMoynT OF
WATER /S FALLING
| THROUG BOTH
CHANNELS , BUT THE
HEIGHTS RARE DIFFE-~
RENT. AEAIN, THE
SECOND PADOLE -
WHESL Wil BE

LEVEL DIFFERENCE FND FLOW.

DON'T PMIX THIS UP
Wiy oHr1's LAW T/

' FOR €XAMPLE !
U"f x K — 1E=2%6"
Pzl x T —29-1213,
P=2y WARTTS.

ABLE TO Wokk

BUT, SINCE P-t/xT

WHRT 18 THE PESISTANCE OF
A BULS,RATed AT 220V gud

C1s erng rie
( 7 HeRDAcHE. .

AND U=T xR, You can

WRire THATr
P=TxRxl, 0r P:12R
IN THE Some waY .

v w3
P=Ux i
S€EE .? You'te Soor
ANOW RLL
THESE FoRmuy-

LAS OFF BY
HERRT .

WELL, ENOUGH OF THIS.
LETS Do AN INTERESTING
EXPERIMENT = "rMRKING
eecrriIciry ]

“rRANss I

COME RAND
- weLP!!

Vou onLy NEED A FEW
THINGS FOR THIS . .-

Y &LASSES

X CHIEF cook AND
U BorTLE - WASHER, THATS
ME!!

IF VINEGAR,
& 2mwe PLATES N
(1x2em) 0R 815
NAULS, AND SomE
STIFF COPPER
WIRE WITH R/ DIH

METER OF
L5 mm
OR S0,

1LL SHOW You THE MAN WHO
INVENTED THE VOLTRIC
Barreey! .

! NEEDN'T WAVE
BROUGHT ALL THESE )
VOLUrTES, IF RES! 18D
TOLD ME HE ONLY WANTED
rHE LETTER V'S

ovE 2/NC (2N)
\-""_ -

VoLTa D1PREDL ONE CoPPER (Cu) AnD

16




ENERGY 1S RELERSED BY THE T
ELECTRO- CHEMIICAL REACTION . MOST /S ¥
ﬁ?fr:ﬁ% \ OF THIS ENEREY COMES our RS av ) ( TURN mﬂ f{fsﬂfff
ELECTRIC CURRENT.
Hetel S Risky STUPF]

THIS 1S RIDICU -
Laws! How DARE You
KEEP 196 WARITING
LIkE THIS ?

YEs , BE
pnr/avr h

Yes,
IN & PMrNUTE..

H2 50, (Sueryaric Acro) H280y Br7acks’' THE FREE Bur Hz SOy J0SES His'H'
| Cons/Srs OF: B HYDROGEN ELECTRONS IN THE CoPPE/‘E’ SoME ATOMNS . ONE ESCAPES,
ATOrSs (HJ, 7 SULPHUR OF THEM £ESCAPE THE OTHER GOES 7O Jorn
ATOr (5) AND 4 OXYEEN THROGYLH THE THE COPPER.

\ Broms (o), #ALL STUeK :

\ TOGETHER IN EACH

Mot Ecdl €7,

.| H,5,0,Cu gnD
|én Ars RLL :
| cHEMICAL SYMBOLS . |

[ Sorme 28 AToMS | | MERNWHILE , THE DURING BLL THIS
‘rake FRIENDS | | i ek : 'UPROAR’, THE
& SUR -
Wit S04, Face AND EScape, OR = gfﬁf ::VW; Provuces
FOR, ELSE JOIN THE COPDER. [ &
70 7 i : ELECTRONS (Cukeens)

Zn S04 FRoM ONE PLire
(z/8C Sue Py aTE)) (FL6CTRDE) TO
THIS IS HERVY THE OTHER,
STUFF, 8C (T
| S/nks To THE
| Borrom,
ZN /S AT R LOWER LEyel’ / Srite Don'r SEE \ | | New, Lers TRY Twe sME EXPERIMENT .
(ELecrricrieY?) THaN Cu, Sp WHRT TH1S HES To || WE WoNTT ysSE SUPHURIE ACID = THAT

ZINC 18 THE NEGRTIVE Pole

Do wrrw €. ..!
AND COPPER /S THE POSITIVE ONE, e

wWoutp 8F 700 DRNGERDYS — BUT VWINEGRAR /|
Wikl 20 Jusr ps Well . ST
\-—$ = T T T
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|

NOW FLRTTEN THEM
WITH A HEAVY HAMINR
MMD VouR FINGERS]

N kE FOUR SPRINES BY WINOING
SOME BARE COPPER WIRE ARound
B PENC/L (RBOYT 30 cm OF WIRE

? DON'T THINK
THIS 18 THE

RIGHT T¢ME TO
BOTHER Hiry.. !

(0

WIRE T THE REMAINING

(A N
Z/INC STRIP AN ﬂo/ﬁ

NOW, connveeT NE STRIP W 2
(o puieepp onic Sa connecr A4 LengTH oF IR
/ THREE OF

PRINGS,

THE FOUR s
— RPND....

CoPPER SPRING.

BEND THE
WIRE
LikE

{LL TELL o Pyr EVERYTHING
TRANSS ﬂboyr DON'T WORRY, INTO THE FOUR ng,qu l/'j
yodas 1M NERRLY GLASSES, LIKE THIS. el ddde i
GFRRR ; Renvy/ IMAKE SURE THAT THE Led HAS A @ AnO R

TWO WIRES AT THE
ENDS DON'T
TOUCH -

NOwW ITS TIME
FOR LEby ]

G Lead . THE O cAan 8¢
INDICHTED BY A FLAT

| 8106 OF THE COLLAR, R
BY 9 SLIGHTLY SHORTER

LERD

HMPF

THERE (S AN IMMEDIATE REACTION
WHEN You FILL THE FOUR GLRSSES
WITH VINEGAR, LEDY Wil LIGHT up.!...

)

. Buyr THE LED WiLL SooN O/M
TO B FRINT &LowW . THIS
BRTIERY LOSES POWER VERY

QUICKLY .
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{F You rAKE AND BREAK THE

EACH FLASH .

B&7WEeEN

CONTACT REPE.qrEDLV THE BATTERY
Wil HAye A CHANCE 7‘0 RESTORE

THIS TYPE OF BATTERY DOESN'T
DELIVER MucH POWER, S0 T CANYT
DO MUcH IORE THAN LISHT A
LED BReerLy.
\\_‘_;

Shen cELy’
(€acy GLass) Sup-
PLIES ABour tY.

" BUT THE RESISTanes

EVENV S0, You can
SEC THAT IT
WoRkS.

/S SO HiGgy THAT
THEY can onry
X DELIVER VERY
Lirrie currenNT

Y~ cARcF!
J THAT TiCkLES.
 You kwow!

HeRVIER

IN PRINCIPLE , coR BATTERIES ARE
THE SAME sa_er OF THING ...

AND ORDINARY 'DRY’
BATTERIES, TUG,
EXCEDLT THAT THEY USE
A 'JELLy’ INSTERD OF
N\ THE LtQuid.

LATER oN.

I'?E?'ﬂl s
ARE U3ED,
To0

1 HOPE Vou [/KED THIS
LITTLE EXPERIMENT .
WELL Do SomE MORE

Do You STiLL
NEED IMIE?

CHRTTER-CHATTER,
YAk =Y Ak, ~ AND |
HAVE To DO THE
WASHING up./

WE GENERRTED R VOILTAGE
AND [ CURRENT - (N FACT,
THE ELECTRON Flow THAT
WE MENTIONED EARLIER . .

WE RLL MOVED IN THE SAME
.D/zEcnaﬂ. THIS IS CALLED
'DirECT’ cyreENT (DC).

4 Lirne sREEN
FRIEND WILL
EXPLAIN -

CALTERNATING ' CURRENT [AC) IS S«PPLIED

BY THE ELECTRICITY Board. IT 1S QuUITE
DIFFERENT . FOR R SHORT 7‘!/’16, THE FLow
OF ELECTRONS INCREASES IN ONE DIRECTION...

THEN THEY ALL SLOW To

STOP, TURN AROUND.

4q

AND START TO RUN BACK THE OTHER
Wﬂyf AERIN, THEY Plcx up SPEED FOR A
WHILE RPND THEN SiLowW DowA.

WHADYA MEAN,

CRAZY 8/ pon'r You :
EVER CHANGE YOUR (1IND .
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THEN TURN BROUND BND RUN

Back aca/N.. AND So IT GOES oN.

ONE COMPLETE SEQUENCE OF BuN-
NING 70 AND FRD 1S CRLLED R eyees
OR ‘PERIOD’, RFTER ERCH PERIOD,THE

BLL THIS CAN HAPPEN VERY QUILKLY,
THE ORDINRRY IMAINS SUPPLY HAS
2 ‘Periop Tine (T) OF Vsoen oF

CURRENT (AND VHTREE) ARE BRCK

To THEIR ORIGINAL DIRECTION
AND VALUE .

=

A SECOND, So THERE ARE 50
CycrES €VERY Second!

WHOLE THING CAN 8BE

THE NUMBER OF CYCLES PER SECOND 1S THE
FREQUENCY (F) 0F THE BLTERNRTING Vol-
TAGE AMD CURRENT. IT IS MERSURED L S/NE - Wﬂzf cee

THIS
DRAWN, AS A SO - CRLLED

v
2
2.3
IN HERTZ (H2), Jo THE FREQUENCY OF %’:2
THE IIRINS VOLTRAGE (S S0/4z . In &léc- E% :
TRONICS, THIS IS CONSIDERED A Low X §§
FREQUENCY " <
—
gs
, s
ITS QuITE 2w
FRST ENOUGH § \u %
7 L%
FoRk 196 LA
st
-~ 9

4
... THAL pIoNT THE VERTICAL AND WE CAN
Wogx 1;_00 HORIZON THL &LINES FORM PINPOINT
e B GRID. THEY RE ANY Ppsi-
- /A /TS Jusr (NDICRTED BY LETTERS T/ION ON THE
LIkE PLAYING BAND NUITBERS.
THINK OF 8 'BATTLE ‘ :

BETTER WaY
7o EXPLAIN
I

swips' 1!

WE OFTEN [LLUSTRATE
ELECTRICAL 'BEHAVIOUR
THIS WAY .

/2

WHY Do | ALWAYS
Hove To Lose 22/

1N THIS WAY,
You CAN rMIARK ONE
OR MORE PoiNTS IN

THEIR EXACT
FPosSiT/oN ON THE

We DRAW THEM IV
A ‘GRAPH' USING /1
HorrzonTAL AN

VERT (AL
LIINVES .

We WiILL USE
THIS SYSTEM

RUITE 7 LOT,

LETS SHARPEN
O4R Pencres]

LRTER ON,
You WiLL SE&€ THE
: SAmMmE SORT OF THING oN
THE SCREEN OF AN |

‘DS CiLLosScoPE .
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IN OUR CASE , THE

NUMBERS ,um's THE
VERTICAL LINE ?‘pzfsmr
vOoLTS.

ALONG THE HORIZONTREL
LINE | THE VUITBERS
STANE FOR TI117E

( /v SECONDS , 0K sy
riLLr— SECONDS

AND NOW Fo
THE SQUIGELY
B8/T...

» T/ .
> T

AT EacH Panvr N TIFE,
| WE CAN NOW DRAW THE Voiiaét\

THE RESULT SR LINE, WE CALL %
1T B 'CyRVE] EVEN WHEN ITS STRAIGHT !

MAKING RLTERNATING VolTR46
/s LM’E IMRKING THIS Bowl ¢F
WATER SWING UP AND Loww
IN AR REGULAR PHYTHM.
THE WATEP Witd
Flow 7o AND ERO.

/SupPose' THAT.
OME CYCLE TAKES
Y MINGTES . WE UL
START OUR
MERSLUREMENTS
AT /3 o0 'ctoex .
THE VOLTRGE IS
26R0 meu

\ We_reqsues ar i2.0y, 72.05 aND /1. 0?/

V4 av
4
g
?

Het) =
(12te2) Lot

AT 12.01, THE VOLTRGE TURNS Ouyr 70 \
BE Qy. Br /2.03 (T 1S OV AsRIN,
AT 12.03 IT 1S =Gy, INHET VOLTRGES WILL

(2on'r cyenTt)

FASE3 A1 [ $ 395 N

—{ 1= Np+ N0 : sa’.—vmuy

HEY! riR. ARTIST I/
How Do You EXPELT ME TO
\ EXPLAIN THINGS, IF You

HE CAN THINK THAT
OVER, WHILE WE TRAE
B Quick LOOk RT HOW
CLECTRICITY /8 DELIVERED
FROM A POWER STATION.

TWHAT WE NEED AT Home
/S A FRIRLY low VPLTAGE
(Ay¥oV) ANO LOTS AND Lors

OF cme»ez-“/vr

HOW&'«'/&F, A Ler
ar: ENERGY Woulp B¢
USED o THE WARY (F
ALL THAT CARRENT D
70 Flow DO THE
wmesfP =I2R/)

(7 verY Hi6H VOLTREE (THoUSANS|

/175 rucy BETTER TO (56

aF Vor7zsl) ano B Low CuRRENG
INSTERD - -

[ NERR ouR HOME, THEY riUsST
‘ \ CHANGE THE HIGH =
\ VOLTRGE INTO
N\ A Lok ONE..

L/ .. By means
OF 7 TRONSFORFIER
Byr rRANSFORIIERS
ONLY WORK oN ALTER-
NBTING CUYRRENT , So
THAT 15 WHRT THE
ELECTRIC!TY BoRR2

rHusr use,

THAT'S ALt 1
WoNTED TO SRV
ABOUT THIS.

AND Now /TS5 TiME FoR

TRANS! TO TELL YO
SOMETHING HEOUT
SEMIEONDUCTIRS -

| WaIT FORMIE T Fin/sH
cecAng urP !
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SURELY IT DOESK
TRKE BLL THRT LONG
TO CLERN THREE

geasses!?

_L1ke EXPL

sHowtd | Do BLL THE

work 2 | DONT FEEL
AINING . .

ANYTHING « /

IN THAT CASE, D
RoTHeER TALK RBOUT
My EAMILY FIRST.
THIS IS THE SIZE
\ BND SHRAPE OF A
REAL RESISTOR,

T anp You REMEMBER
owe SyriBol !
B RECTANGLE -

SOME oF us CONTRIN B LOT OF VERY
; 2z
THIN WIRE, BUT USURALLY WERE

MRoE FROM A CARGON PASTE

THAN WIRE). OUR VALUE IS GIVEN
IN BHmS' AS WE SHID BEFORE,

AND (hp1cRTED BY THE GRECK
LETTER OIEGR’(() )

(THIS HAS B rucH HIGHER RESISTANE| |

[ RS Y NANE IMPLIES , | RESIST THE Flow OF

ELECTEONS BY CREATING A NARROW PASSR&GE | THE
LARGER MY VALUE, THE MORE DIFFICYLT /7 1S FOR THE

ELECTRONS TO GET THROUGH - J
IN EITHER DIRECTION . e |

THE cotouRED RINES ON OUR BoDY TElL
YOU OYR VALUE. THE INNERMIST LINE,

WHicH 1S USHALLY &0LD IR SILVER,

THE ONE SHowN ).

TIME. EOR NOW,
REMEMBER THAT
WE PREFER GOLO.

INDICATES OUR 'ToLE~-
RANCE' (TrHE MIAXrIUM
DIFFERENCE BETWEEN
OUR ACTURL YARLUE AND

WE 2t THLk BBoUT
THAT SoME OTHER

WE LOOK QUITE PRETTY WITH
THESE COLOURED STRIPES ., LET
19€ EXPLAIN HOW TO RERY 0uR
VRLUE. (TS NOT SO DIFF{CULT,
ONCE Vou KMOW THE TRICK. ...

WE USE THE COLOURS
OF THE RAINSBOW,
IN THE SPME ORDER,
AND WE RLSH USE
.’- 346!‘!(, BROW;

aa N\ Gy

THESE RRE THE
| COLo/RS . ERCH ColouR
CoRRESPONOS TO 73
(3 ] NYrBER, RS You CAN
Se€ HERE * BLACk =0,

) BROWN = 7 -
AND so ON. /o




ALWAYS START WITH THE COLOUR
THRAT (8§ EURTHEST RWAY FROM THE
. GOLD OR SILVER BAND. IF
THERE 18 NO &£0LD OR Sluf.ﬁ?}
START WITH THE RING
THAT (S NEAREST To
AN ENO . TAKE THIS
4 RESISTOR,

\ Fok EXANPLE !

/ THE FIRST AND SECOND
COLOURED BANDS CORRES —
POND TO THE FIBST To
NUMBERS OF OUR VALUE,

N THE 7RO INOICATES THE J—Tm
. \ NurserR oF
[ '- @

THE VALUE OF

THAT RESISTOR .
WORKS ourl LIKE THIS e

yFo00 1 OR 4 7K L [kitonms) |

12 SHOW You B LITTLE DEVICE THAT : EHMHH . .. THE RESIFIETER | OF CoURSE ! oH, | SEE.
PIAKES IT VERY EASY FOR YOU To READ : o '
( WHaT DIP g oW DOES 1T
OUR VALUE . You MIGHT CALL IT AN q You sAy 7 : A el o, # ore ?
2
UATION DEVICE F 77 cer :
AUTOMARTIC EVALUATION DEV. oR ® ITSA WATSIT ! OF THE FIRST BAND,

ABSOLYTE PARAMETERS OF COLOUR —~(00ED

ELECTRONIC
COMPONENTS ..

THE HANDS TO THE
COLOUR OF THE
I Second 9?”77'_#5
7O T
0”;0 ?‘i{f‘ THIRD.
THE vaLve APPEARS
INTHE WINDoW!

LY

NoT aan f
i ; R/ (TS awire A
NEAT LITTLE
GRADGET ;
/N FACT.

- S TRUE , HE
DD ExPLAN
IT RATHER
weee,

J THOUGHT.

¢7T SEEMS TO HRVE

THERE S ONE OTHER POINT. OUR VARLUES AN
Been RATHER B STRAM!

VARY FROM A FEW OHMS TO MILLIDNS OF
OHIPS, 70 RVOID HAVING TO WRITE gLL
THOSE NOUGHTS, WE USE 'kilo’(k)
FOR THOUSRNDS ANO '15ga’ (M) -
FOR 11/LLIONS ,

1 &0 =7 KILourt = 79oo L2

7ML =1 1M9EGOHM = 900000 1
(7 t1/LiloN O#HMS)
33k.0 = 33 k)eowrm = 33000 L1

A FEW MORE P J

4700 0 < 4,7k (or 4%
47000052 = 470 K SL

22000000 = 2,2M L2
foR a2r2)

HAve You gGor ir?
ASk SoMEONE ELSE . ..
I'Ve gor A SPLITTING
HERDACHE . 1) &0/NG

WHILE RES! 1S RESTING,
PERHAPLS YoU Cowep READ
OUR VALUES.

Don'r CHERT
8Y LookiNng AT
THE ANSWERS]

OF oUR Body ANSWEES

1§ MOT oy 00
1M PORTANT, /(4 ;

.‘U&.-If'f]-'9 oL S
UxsEh UM E
UNth:Z UOEE o F

G
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FlEHT AGRINST THE CURRENT
RUNNING THROUGH US , WE
SOMETIMES TEND To GET A
BIT HOT. FOR THIS REASON,

You WiLL BE

TYPES

- SINCE W& PUT WP ABIT OF R

we CoME IN VARIOUS S/ZES
 ("Power RA7 1NGS')
\ | 7ve Buser WE AREN
THE (70RE WE CAN

HaNDLE I NORMRLLY,

USING Vw WATT

Yo CAN JOIN RESISTORS TOGETHER ro MAXE
A NEW RESISTANCE VRLUE(R) . TiiS IS
YSEFUL [F You CAN'T FIND ONE OF US
WITH THE VRLUE You WANT,

IF YOU CONNECT (S (N PARALLEL , IT /S E Fo,
THE CoRRENT TO FLoW -~ THE RESISTANCE /?Sz!f-:fs &
THE FORMULA /S *

: 1 xR2

R+ Rz

WHICH
paTH DIP You
TAKE !

o THE OTHER HAND , YOU CAN CONNECT US (N SERIES
7O OBTRIN A LARGER VALUE, NOW THE FORMULR /5.0

Rz Rt + K2.

ON MY RIGHT: TWo RESIS—
TORS i SERIES. WHAT (S THE
TOTAL yALUE ?

oN MY LEFT
Two RESISTORS
In PARALLEL -

WHAT 1S THEIR

COMBINED
ralue?

ST . A
= X x000, [ 7Y .
Hees ans Hie2|

Y AFHL BSNEITE
t an0 HOH3 40

n7n FHL JIEH 51
S/t LEHL 2LON
‘ool

@woz 0004 +0004
Foqeqqn, - 00017000}
SH LNC HFOM N

Yt GNOI3S FHL
‘Uoppt UOLh +UOLN |
28123y 39 0L U N 4
0L 763 ATYEIN
\33'5« yrtd LSY)d 3HL

THESE ARE TWO CLOSE RELATIVES : THE PRESET AND
THE VRRIABLE POTENTIOMETER (KEEP
IT QUIET ... WE REFER

To THEM AS POTS!)

R POTENTIOMETER IS LIKE A/ CHR!N
| RESISTORS, WITH A 'WIPER' THAT CAN Bgrréé;g '€
TO ANY OF THE JUNCTIONS ., THE

‘RESISTANCE' FROM THE WIPER...
T N .-. TO ONE END
DELENDS ON THE
: Postrion OF
N_THE WIPER,




! HAVE SEVERRL MORE RELATIVES
PReC/SION BESISTORS, LDRS
THAT ARE SENSITIVE T0O (I6HT,
NTCs AN PTCS THAT BRE
SENSITIVE T 7TENPERATURE,
VDORs THAT varYy wiTH THE
VoiTAGE, AND SO oN .

ITS 7 LoNg LIST, BUTl THERE
[§ NO PoINT [N INTRODUCING
THE] Rie NOW.

o Youw'vVe Gor 1o )
O~ know waen 7o STOEN

~ FOR THAT rMarree,

1 HORDLY '-“’f,*}.’, SE6

&rg...

TIME FOR ANOTHER EXPERIMENT.
WE WoN'T USE SOLDER Y&T, BECAUSE)
WE WANT rp RE-USE THESE
LOMPoNENTS
LRTsR on.

| ResisTors ~Ans

You Lt Needb s GV
BRTTERY , TWo K0

LEDY, oF COQESF,’

FIRST STEP ! CONNECT THE

[ Now TRY CONNECTING TWo RESISTOES |
\ OF 7 KA1 [N SERIES WiTH THE LED,

NEYT , CONNECT THE TWP RESISTORS 1
PRRALLEL -AS SHOWN HERE . THIS GIES

LED AND ONE RESISTOR IN SERIES

RACROSS THE BATTERY. MAKE SURE

LEDY 15 THE RIGHT WAY ROUNO

-Anp Don'T cowwecT HE /
STRAIGHT pcRosS THE BATTERY.

LIGHT ., SHE LOVES
THE LIMELIGHT !

- THE ToTAL
RESISTANCE IS 24 Q,
So THE CURRENT (S
HRALVED AND THE LED
will BE D)mrep.

A ToTAl RESISTANLE :

= ferrn 4 n.
® Thrrs 7 K0 =500

LESS RESISTANCE
IIEANS PI0RE
CURRENT © LEOY Wit
SHINE QuiTE
. BRIGHTLY S

HAVING SEEN HOW THIS LiTTie

CIRCUIT WORKS, WE canN MovnT

[T ON THE PRINTED CIRCUIT BoARD.
WE WLl 4se IT QuiTE ;

. CONMTPONENT
LAYour

WHAT DOES

\ CONNECTED

‘ConrinuITY TESTER' TO SEE IE Two Po/NTS ARE

/T D0'? wWe can use ir As A

. FOR INSTANCE , WE CAN CHECK THIS
TORCH BULB . TOUCH THE WIRES
7O THE TWO CONTRETS | IF
THE LED LIGHTS THE But8
| /S QK. tF THE LED DoEsn
LIGHT,THE BB ___ IS Dup, ..

YES, 8ur 15 ALL
RBoUr RESISTORS « -

HEY, Rest! wHAT
ABour ¢s ?

SURELY You caN

INTRO oW
OUCE YouR !

HOW FLAE

TERING! <
 Bur wr .
PMERNS THAT
I Do AEL !

OH WELL . (€T 5 Ser)
= HOW CRAN [ EXPLAIN
THE CAPRACITO Rs‘?

/! Coutd Cori- {
PARE THEM WITH
STORRGE :
g TANKS. ..

CAPREITORS
HAVE STORA&E
.., CRAPARCITY Fop

- ELECTRICHL
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WHEN WE USE THE cotouk
CODE, THE VALUE IS

AL wnv.s‘ GIVEN 1N PrCO-
FARAD (RLSO KNOWAN
AS 'Purr'l)

OFELCIRLLY, WE ﬂiﬁs YRE
CAPACITANCE /N 'FARADS .

Bur THaTS Too 8, /N PRAC-
TICE, SO WE US s€ A

H
FRRAD (Ju £)WHIC
,ﬁggf-muuo ACT# oF 4

THIS IS Y700 PF =
Y FINF 2 ¥V,

FIRST
}H’w‘fﬂfl.{ { P

NUrIBER
OF NOURHTS: (
Y TOLERANCE
(Bracx:20%

wWHire =70, §
5 rtAzrtury
voLTAGE

(Rep = 250/,

.. AND A qufammo-'
(NE) THAT 1§ S1ALLER
STiLL ! foaamr- Uk
EVen LESS: A ‘mreo -
Farsd' (PF) =
ToOOPF = Tur,

Yoy CAN USE Your
RESIMETER
R&GRIN .

SOMETIMES IT
Can BE Cown-
FUSING, WHEN {
MAVE SEVERHL -
EANDS OF THE
SArE CoLoUR,
You oNLY SEE
7 SINGLE WIDE
BAND. TAKE 1€,

SeME OF «s Dow'r tsE
THE COLOUR CODE ! WE
HAVE A NUMBER (NSTERS.
) .007/7, Fok
| INSTANCE ! 7H/S
PTERNS 0,007 ar ¥
(=7NE) 10% , iV
THE SArIE WAy,
7?2 0YFurF

YANF; (7= FoR EXAMPLE »°
07 4fF= fawvf;
Tﬁgge‘sgkg% tVE goT Two

BANDS ARBOYE MY L&
AND THE REST (S
ALl FED . THIS STAND.

FoR RED-RED-RED = BLOOPF= 2. ZNF,

| 7EW' ~ORE WAYS,
BYT THEY -
] ; QuITE CLEAR,

AND NOW (T8 T/ME FOR .
TRANS! TO DO 50/‘767'#/#6
USEFUL , FOR o
A CHANGCE .

S canN YOu Wogk
oUT THESE
. VALYES ?

How PTRNY
PMORE CAN THER
BE (v THERE 7

Porg - PITTI PORS,
d DyMDUM

IF t WHERE You, ! D
SoonN HAVE SoMe
Acrion ﬂkaawo #sxe’

PFEF! 1 HRTE HAVING
TO EXPLAIN THINGS ...
1D MucH RATHER
Do soMETHING !

.. HeY! You Trxe
OVER Now [
TELL THEM
ABOUT ELEC-
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N ®/6HT...

A Hrrie - - :

11e SHow vouk_“
ETHING INTERESC

-ff'ﬁ A Boul THESE (8

FELLOWS

FLECTROLYTIC N
CRPRC ITORS ARE VERY.
SpPeciaL . You HAVE |
TO KNow How TO
HANDLE THEM !

You SHOULD NEVER CON -
NECT THEM THE WRONG

YOU SEE ? ELECTROLYTIC
CAPRCITORS rivsSi- Ai -~
WaYS BE CowNECTED
THE RIGHT WARY Rounp,
THEY HRVE A POSITIVE...

WiTH L/7TLE ARRpWS, LIKE

AND B NEGATIVE END.
@ /S THEEND WHERE
THERES A GROOVE .
SormeTrEs, (5 15 MRRKED

THIS ONE.

et

CAN'T You Do

HEY, vou! INSTERD OF PLAYING
SILLY TRICKS , YOU SHOULD
BE EXPLAINING HOW.

we work !

ANYTHING RIGHT?
Musr ( Do RLL THE
T‘nut.wf-‘?

1°0f 745 15
Hopelesst

THIS KAND W IcH'

/" ONE OF THE
CONDUCTORS

A CRPACITOR ConNS/ISTs OF TWO [LAYERS OF
CONDULTING MATERIAL WITH VERY THIN

57 LAVER OF RUST ON THE 0T

T
L vg:ﬁ,ﬁ%‘?

INSULATION BETWEEN THEM, (IN ELECTROLYTIC
CAPRACITORS , ONE CONDUCTOR /S AR ]

o ! ' AND THE INSULATOR /S LIk
JELLY S /e

18 ROLLED VP -
L 1kce B Pancake!

[ 1S THE@D),
THE OTHER /S

7HE O END.

2




THESE LITTLE CAPACITORS RARE :

SAME WRY.IT DOESN'T
MRAPE THE SRME ey D15 FERENT

wH/IcH END You
use RS @, So IT
PSNT MARKED.

Bur /v
ELECTROLYTIC
CAPACITORS, THE
INSULRTION IS
VERY THIN ANO
IT CAN ONLY
Block CURRENT
N ONE :
\ D/IRECT)ON,

ELECTROLY T7C CARPR -
C/TORS , ARE OFTEN
CALLED FLLOS', FOR SHURT,

ELCOS USUAILY HAVE 7
VERY LARGE
_ CAPACITANCE ..

MUCH MORE THRAN OTHER
TYPES OF CAPRCITOR.

EROM A Few PR
(< ERArY/C )
| P70
FEW F ol

(Piasric)™

THIS /S ANOTHER '\
TYPE OF GLECTRO~ \
LYTIC CAPRCITOR ,
THE (&) €ND /S
ALWARYS RED.
THE (O EMND MAY
BE GREEN
or BLACK,

SomETIMES BoOTH LEADS
\ ARE AT THE SAME END.
@ ANo (R ARE AlwAavs rMAR-
; /i ke, ANS (D

OUR VALUE 15 ALWAYS PRINTED

CLEARLY, (470 irF, IN 1Y CASE ),
WITH THE reaxnmym ||

- 5 VOLTRGE THAT ||

WE Cav

W I THSTAND

HIGHER Y9LTAGES
ME VERY QUICKkLY

CONNECTING ME THE WRONG
. WAY Rouwo . "
ﬁ‘ ( Don'r réce TRANSLY)

£ You RE Going TO
YSE R HIGHER UOLTAGE ,
Yoy rIusT cCALL /N ONE OF
My Bl66ER BROTHERS.

WitL OEFSTRoy
- JUST LIKE

NO ,IT'S HIr
THEY NEGD !

1 oH, 1 77 SoRRY!
Yoy Bor# Look
S0 ALtke...

28

THEY 'RE USEDQ FOR. SETTLE DowN (N A COMFORTRBLE
hay sl

NOW, LETS SEE HOW CAPACITORS WORK AND WHAT
CHAIR RND, IF | IIRY I7OKE A

%/GGESTMN. S g
i n L _£ ... A NICE cooL

DRiINKk MIGHT BE
A Good 1o0ear !




we'te see

How'
CAPACITORS
CHARGE - -

F e AND HOow
THEY 'RE
DiscuArRGeD !

B CAPACITOR IS AN *ENERGY
RESERVOIR'. IF 1T IS COWNNECTED
To A BATIERY FOR A WHILE,
R PpsITIVE ANO A NEGRTIVE
CHARGE ' BUILD P ON THE TWO
SIDES. THE ELECTRONS ALL

9 PILE 4P AGRINST
THE 1SULATOR,
BUT THEY CANT
GET THROUGH
- 80 NO CURRENT
CAN FLow,

BULD UPIF
ELECTRONS

NEGATIVE

4 DIRECTION OF
| THe CyRRENT |

LETS RSSUME THAT THIS
CRAPRCITOR I8 ODISCHARGED
(175 ‘erpry ). WHEN WE
CLOSE THE SWITCH , THE
BATTERY (5 CONNECTED TO
THE TWO SIDES . A CURFENT
WL ELOW VERY BRIEFLY
RS THE CAPRCITOR CHARGES,
THEN, WHEN WE 0PEN THE
SWITCH RGAIN, CAPPY
Wil HOLD S CHARGE':
THE VOoLTRGE RCROSS Hir
Wit BE THE SAME AS
7;“_'”’4} OF THE BATTERY

|

i

NOW WE CAN CoN-

NECT A RESISTOR
IN PLACE oF THE
BATTERY. WHEN WE
CLOSE THE SKITCH,
CURRENT WILL FLOW
INTHE OPROSITE
DIRECT{ON UNTIL
THE CAPIRICITOR
18 DISCHARGED.
THE ENERGY WILL
WARM UP THE
RES/STOR -
very SLienrey!

WITH A LEVEL THRT FOES UP

IT IS CONNECTED T0 A
SMALLER RESERYOIR @) (0 U
CAPACITOR), VIR R VERY
,_‘_fﬁzn?ow PIPE.

{MAGINE A VERY BlG RESERVOIR (D)

Down ((THE SER, FOR [NSTANCE).

/ WE WitL DISCOVER THAT

A) THE SMALL RESERVOIR (&) Wil
FILL VERY SLOWLY, THROUCH THE
NARROW PIPE. IT IS CHARGING |,
3) ONCE IT HAS FILLED To AN
AVERRGE LEVEL ,IT WILL PIRIN-

FAIN THIS CONSTANT LEVEL
- INSPITE OF THE TIDES,

RND

THIS MNEANS THAT A CAPACITOR CAN BE
USED TO 'SrMooTH our’ RIPPLES ow 4 DC
VoiTAgGe (iv # POWER SupsLy) THIS J08 IS
USURLLY DoNE BY ELECTRILYTIC

| CAPRCITORS . - T

A LOT OF CURRENT
CAN FLOW WHEN You
SUDDENLY CONNECT
A UVDLTAEE ACROSS
AN EMPTY
CAPACITOR ...

SOMETIMES Yol CRAN HERR TH/IS
WHEN YOU SWITrcH on B ArPLIFIER,
THRFr LOUD THUIMEL 7S cruUSED BY
CHarG NG caPaciToRS ! (usuaLLy
/TS THE Brg oNE THART FEEDS
THE [ OUDSPEAKER). :




CAPACITORS ARE RLSO USED FOR
"COUPLING’ TWO CIRCUITS. THEY HAVE
THE ROVANTRGE THAT THEY BLOCK

DIRECT CURRENT, RS WE HAYE SEEN
= BUT THEY DO PASS SUDOEN VOLTHSE
CHANGES . .. o '

 TRLK - TRLK-

L fTALk... A -
! PN | SIMPLE DEPIN-
(&L

STRATION 1§

THIS MEANS THAT
A BerreR

THEY CAN PASS RALTER-'
NATING CURRENT, SINCE
(T CHANGES RAPIOLY. THE
I TORE RAPIOLY IT CHRNGES
(HIGHER FREQUENCY~KEMErT-
BER D), THE ERSIER IT

GOES THROUGEH -

WNEN [ JurMp oNTe
BRLLOON 1, THE SER-WRTER
INSIDE Will PUSH RERAINST THE
 NEMBRANE . THIS, INTURN, WILL

PSSy THE DRINKING WRTER IN7O

BALLoon .

T WATER- TIEHT ~~_

s

 (exAsTiC MEMBRANE )

AS You CAN S6¢,
TRANSI GOr MY

MEssnee! Bur yo
SEA-WARTER PRSSED
THROUCH TO HIS SIDE, /

| AND THERES NO WRY
TO KEEL UP A CON-
TINUOUS FLOW OF
IN HIS
DIREC TION,

\ S FX CAPRCITORS ARE ALSO SED IN So-—
CRLLED FILTER' CIRCUITS , WHERE THEY
HELP 1o SEPARATE HIGH FREAUENCIES

FRoM LOWER
ONES..

T.. FOR TonE
CONTROLS , SAY.

You Wwitl ALSO FIND THEM IN ) =
DSCILLATORS' - WELL Buwitp ONE, J
n Seon !

SMOCTHING ... COUPLING..

RESISTORS -

CAPRCITORS CAN BE USED IN PAIRS , 0R GRouRS, Llke
70 EET 8 DIFFERENT VARLUE |, THE

CALEYLATION 18 THE SARME . ..

FITERING ... IN O5C1LLR~
770RS ... AS You can SEE
CqgrPPYy 15 USED

N AL SORTS
OF DIFFERENT

. DLy DiFreRENT S FOR ‘
RESISTORS , You RDO THE VRLUES [
WHEN THEY ARE (N SERIES, BUT -

FOR CRPICITORS, You ROD THE

VALUES WHEN THEY ARE IN
PARALLEL !
{

CITORS IN

SERIES , YOU U
THE OTHER
CRLCYLATION:
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TRY THIS ONE . A RN
B ARE /N SERIES .

WHAT (8 THE TOTAL
vaLue ?
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IT LL BE PMUCH ERASIER To REMEMBER AlL
THIS AFTER WEVE Bullr prew circurrs

AND SEEN HOW THEY WORK . BYr FIiRST
TRONSI WILL HAVE TO EXPLAIN - .
h SEMICONDUC TORS ,

1T Higw TirEe HE
DLD SOMETHING USELUL
- A, THERE HE IS...

WELL SEF /
8our THAT

AND DON'T
LET ME

CcATCH YOou
RERDING
THaT!

IT'S Youe TURN Now?!

... HE FRIGHTENED
| cer cracxine! :

THE LIFE Our
oF ne!

i
HERE Wa. ‘é
NO NEED
7O sHour
Like Taar!

YES! THATS AS &ooD
A PLACE To STRET #s
ANY. MOST SEMICONDUC -
TORS ARE MADE OF SilicoN,

NOWRDRYS ~ TRAN S ISTORS
ANYWAY.

SILICON (S A VERY BAD
CONDUCTOR . ITS ATOMS BU/ILD
UP A VERY TAGHT STRUCTURE,
WITH RLL THE ELECTRONS LOCKED
TIGHTLY in PLACE, (TS ALrosT
AN INSULATOR S £

WHERE 20
! STRRT 2

4 WHAT caN ! TELL
THEM A80UT SEMICON-
DUCTORS

g
THEY £E MRDE
OF S/ticow, ..

TINY TRECES OF gTHER MARTER/IAL N~ TYPE (NEEATIVE) So MUCH FOR THE

WLl LOOSEN THIS STRUCTURE SEMICONDUCTORS ARE , ,
MAKING IT JUST PoSSIBLE FOR LIKE THIS . EACH SILI- ol 2 ,(’:'NPH
THE ELECTRONS TO SQUIRM Con (S1)arorm HAS Four 3';5'3? rf.s :z.s;: A
THROUCH . THIS IS WHAT WE OUTER ELECTRONS, "posi r1ve(P-T vPE)
CrLl 'SEMICONDUCTING' | | WHEN WE BDD S0ME ﬁﬁfc# /S SHORT *
MATERIAL., ) PHOSPHOR (P), WHICH OF ELECTRONS. ..
HRS FIVE, /T COPIES

— AP THE SILICON : IT KEERS
: FoOUuR ELECTRONS RUN -
Ning RounNd (T, AND
LERVES THE FIFTH
FREE TO ROAM RROUND,
OwR LITTLE THIS LITTLE FELLOW
GREEN FRIEND CRN JOIN IV A
Wikl TELL You | | CurRRENT Flow.

WHAT IT'S LIKE /NSIDE, 2
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e

WHEN WE ROD B TINY TRACE OF
arurniar (AL) To THE siticon,
1T ALSD TRIES TO FIT IN. BUT IT
ONLY HAS THREE OUTER ELECTRONS,
S0 IT'S ONE SHORT.THIS

LEavES A HOLE' IN THE /
MATERIAL:

AN ELECTRON FROM A NEIGH BouRING
ATOM CAN TUMP INTO THIS HOLE,
Bur THIS LEAVES A NEW HoLE
NEAR THE ATOM THAT HE CATIE
FROM . ANOTHER ELECTRON IYMPS
[N THERE, LEAVING RNOTHER

HOLE, AND

FHE DIODE (S THE SI1MPLEST
SEM/CONDUCTOR. HE 15 VERY SMREL,
AS vou cAN SEE, AND HE oNLY

HAS TWo WIRES -

=
ANODE

c”\| ¢ zcarHotE
(INDICATED
BY LINE)

70 MAKE A DIODE , P TYPE

15 THE HERART OF THE
SEMICONDUCTOR DI 0OE.

| wrvee rarsen
‘i;.‘mrﬂ FREE &L

AND N TYPE SEMICONDUCTIRS
BRE JOINED. THE JUNCTION

THE ELECTRONS NEARES
FHE IJunNcTion TUMP

ACROSS 7o THE NERREY Hi S,
THIS CAUSES 7 POSITIVE AND NEERTIVE

z QN ELECTRIC CURRENT CAN ONLY:
PASS THIS BARRIER UNDER TWO

CoOmOITIONS !

N

rore !

b i woes QB T e
Ll V.. ANO THIS "POTENTIAL BRRRICR
HER ELECTRONS [N THE

STOPS THE OT:

b AN-TYPE MATERIRL FROL MOVING uP.

]

) Twe voLTAGE MUST BE
BBOVE B CERTRIN

ARe OTHER TYPESY

2 ) 17 MUST FLOW /N THE RIGHT
DiRECTION, FROM A TO G

‘T RESHOLD'

LevEL- 0.7V FOoR UL /con
SEMICONOYETORS (THERE

THIS EFEECT CAN BE USED

741§ P-N-JUNCTION CAN BE
CompaRED T8 B HRATCH .
P 3

THE ELECTRINSN
CAN ONLY PSS
THROUYCH (N ONE
DIRECTION.

LERDS ARE CONNELTED T
ONE WAY ROUND, CUYREBENT
. ] -

/ 5

THE LED Wil LIGHT,

.

DlocE WilL BLOck . N
WO LIGHT ! g

You CAN USE THE ‘ConTING(TY

TESTER 7O TRY FHIS . WHEN THE
0 /R O/100E

ONNECTED THE OTHER WRY, THE

Low
Wik ’F‘N‘ al,

THE WHOLE JoB !

CURRENT

70 CONVERT AN AL TERNATING
CURRENT INTO A DIRECT CURREN,
A DIODE AND A CAPRACITOR DO

THIS 1S AN
ALTERNATING

VOLTRGE.

WiTH THE ros

OTHER .

; [F IT IS CONNECTED

‘7O A DIODE , CYRRENT
WLl oNLY FlowW IN ONE
DIRECTION — NOT IN THE

HALVES OF THE
SINE~WARVE.

THIS LEAVES US

ROUND , | WL

(TIVE
ONLy PRSS THE

ITS /S SIMPLE
as THAT !

IF YOou TURN ME

NEGRTIVE HAL VES.
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m LOTS OF DIDDES BEHAVE |N VERY THIS IS THE
MuCH THE SARME WAY . ELENTOR TYPE THAT WE
U U INTRODUCED THE PHRASE DUS FOR | WL USE mOST
Twers (DiopE, UNIVERSAL, SiLicon). OFTEN,

BYT WE MUST o0
Some'rHINq’- 70 SMOOTH

D.v.s.

<6 BuUrPs. s \T CHANGE BA 12 5

?ﬁ;;;ggtm LCAPPY IS [ [suppe!iTs i ?1' LI
very goop AT THA D enr o, GG )
Job . cy Y :

You WILL OFTEN FIND
U, WORKING AS A TEAT,
In POIWER SUPPLIES-

A LED (S

CRLLED f LIGHT EMITTING
DIOOE , BECAYSE
LIGH

ALSO 7 DIODE . [ITH

INSTEAD OF 5141CON
SHE |S MADE OF N
&ALLItr ARSEN!DE OR )
SOME OTHER MATERIAL.-,

7. THAT
ENRBLES
HER TO

EMIT

r
rs upd

1 ook ! SHE odl
BlLusHing !

e .

l"’ijﬂiL WE *-~‘ SHE LIKES ONE PARTICl/~ s CANT STAND BEING CONNECTED
TeAcH HERA - ] LAR VOLTAGE. [.6 V, N \\ 7#€ WRoNG WARY ROUND . SHE .
. LESsoNIL, HER CRSE, INSTEAD B DOESNT LIKE HIGH VOLTREES,

155

LIKE ANY OTHER DIODE; T

EITHER ...

OF THE NORIMAL

JUST oNE
b, LITTLE SHOC

HEY ! wyart
Gomeg on 711
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A COMPLETE

You sily FooLs! SHE'S

YES, SHE DOES L00K
P_ﬂL EX WRAHAHAHA?

wireck !

"OUAHAHAR !

MY SIDES:

N NSI0F A

SPLITTING

AND NOW ... HR-HA -HIT .
; INSTERD OF SPLIT -
'™ SPLITTING TING (NTQ TWO

\ HRLVES TRANS! WILL
\ DIVIPE INTO THREE
Z To SHOW WHR

TRANS!S roR!

SiHE MUST HAVE A

WAHAHAHA !

AlL RIGHT, BACK 7O BUSINESS. .. ;
DIODES CONTAIN TWO SECTIONS(N aND PN
TRONSISTORS (/SE THREE. .- :

TS

“or P-N-P

HERDAcHE!

INSIDE HME.

( NEGATIVE - PoSITIVE -NEGHTD,

(PosiTIve -NEGR TiVE- PosiTive ). :

WeE can Taxe AN X -RAY
PlcTURE TO SEE WHAT S

s

J ryE THREE SECTIONS
ARE JOINED INTO A
TINY ‘CHIP

AS You CAN SEE
HERE, EACH, OF

THE THREE...

ST re :
\ connECTED

EACH LEG HAS ITS OWN
NEME ANO FUNCTION,
AS SHOWN HEFE.

For us !

7E YouR Srupib
cTicAalL Joxes!..

!/ HA
PR

DON'T GET OUR LEGS MIXED WP
(OR TWiSTED)- IT CAN BE FATAL

WE RECEIVE ENEREY
THROUGH THE COLLEC-
TOR AND 5 WERK CoNTROL
SIENAL THROUGH OUR BASE
COrTBINING THEMN , WE
PRODUCE 2 STRONG
SlgnaL f?rE OUR

MITreR.

IN SOME WRYS, R TRANSISTOE (s
L1ke Two DIODES . .-

Hey! How
Lovg Do we , |
Have TO wﬂﬂ',’

ENOUEH
VOLTRGE

(<o.7v) ="soRrRY{ 1M

WAITING FOR 1Y
PRETHNER ., /i

EVEN WITH VOLTRGE ON THE COLLECTOR , NO -
CLIRRENT WL FLOW UNTIL THERE 1S BLSO SUFFICIENT
VOLTAGE BETWEEN BRSE AND EMIT TER.

THE 'BARRIERS’ ARE CLOSED.
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WHEN THE VOLTRGE DN THE BAS5 IS
HigH enover (0.7 V)], BorH BRRRIERS
ARE RAISED — SO CwRRENT CAN FLOW
FROM COLLECTOR 70 €r7/TTER.

SUFFICIENT
VOLTALE
(0.7 1)

[N THIS WRY, 4 INEAK VOLTAGE ON THE BASE CLONTROLS A

ABIuT TIME

POINT RBOU7T TRANSISTORS /!

STRONG CURRENT FROIM THE COLLECTOR . THIS IS THE /MPORTANT ;

WE core N BLL SHAPES
AND S]265 . HERE RRE A ;

FEW EXAMPLES . --

WHICH LEG (S,
WhicH I DON T

rMix ‘reem !

THESE BRE THE SYMBOLS
FOR THE Two TYPES OF TRANSIS-
ToR. THE ONLY DIFFERENCE /S THE

DIRECTION OF THE Aerow AT THE
EMITTER (/T POINTS 1N THE DIREC-
TioN OF THE CURRENT).

HELLO 7... WHATS THAT 7. ..

THRT WAS FPES/,
HE SAYS 1 SHowLd
DEIMONSTRRTE

THE PRINCIPLE.
HE SUGCEESTS
USING WRTER...

NOT CLEAR 71/ .. An EXAMPLE ..
OH, ALL RIGRHT,

K o R
THIS COULD
GET [MESSY..-

THE LITTLE PLUE CONTROLS reo€ FLOW OF
WETER FROM THE 'COLLECTOR’ WHEN CYRRENT
FLOWS IN BT THE BRSE’ [T W/HLL LAND oN THE
PLANK, PULLING DOWN THE PLUG - RS You

cAN SEE...

57’ THIS PERMITS A FLOW

OF WATER FROM THE
ColLECTOR'. THE ZMoUNT

DEPENDS ON THE

THE COLLECTOR
CURRENT’ AND

BASE CURRENT’ BorH

Tlow ourT AT THE
LeMITTER.

Z ¢ = COLLECTOR CURRENT
T8- BASE CURRENT

TE= EMITTER CURRENT
THE TOTAL EFFECT

1S SirMqPLy .
Ie=I¢+T18

Ia _immvé

Tc STRuNG
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IN THE FIRST CRSE, WHEN THE BASE
CURRENT [S 26RO, WE SAY THAT THE

TRANSISTOR (S ‘cur 0FF’, OR
'BLockeD ...

THIRD CHSES (T IS ZLONDUCTING .
WHEN THE ColLECTOR CURRENT REACHES
CERTHIN MAXIMUM LEVEL. -

1T WL NOT INCRERSE

ANY RURTHER. THE
TRANS/STOR IS
‘1N SRTY RATION.

WHERERS IN THE SECOND RN

(,q/vg THER WorD THRT WE WILL
USE 1S GRIN' THE CURRENT
GBIN® R BrMPLIFICRTION

(B, 'BETA', THE SECOND LETTER
IN THE GREEKX RALPHABET) IS
LISURLLY MoRE THAN 700.
THIS SIMPLY PMEANS THAT THE
COLLECTOR CUfRENT Wil
BE 700 TIMES GREATER THAN
THE BASE CURRENT — UUNTH
THE TRANSISTIR
SATURRTES, OF
Cou/RSE.

THE TRANSISTORS THAT INE USE MOST
OFTEN ARE WHAT €LEKTOR HAE CALLED
TuN (TRANSISTOR , UNIYERSAL ,NPN ) alp

T UP (TRANSISTOR UNIVERSAL, PNP), 7415
STANDS FUR ANY
TRANS/STOR, MO
MRTTER WHAT ITS
OFFICIAL NUTIBER
/8, THAT MEETS A
FEW $/MPLE
REQUIREMENTS’,

Lisr oF Sorie
OF THE MOST
coMroN

THERE ARE
Lors AND
Lors roge !

B¢ Jq3(148-199)| B y537 (-8-3)
Be2o7(~9 - 9)| Be2py (-5-6)
Be 237 (-2 ~ 9)| 4. 307 (-4-3)
Be 313 (-8-9) [ pe 330 (~7-2)
Be3Yp(-€-9) Be 350 (- 7-2)

LATER ON , You Wil DiscoveR
THRT { HAVE A GRERT [NANY
RELAT/IVES. THGRE'HR&:SF/EM &
FEECT TRANSISTOR,
g:g 75) ;:W'IJUNCNON TRAN~
<15 o £5 (LT TS), PHOTO T8N
$/STORS, AND B WHOLE RANGE
0F POWER TRANS(STORS (THOSE
? Ree myY Bl

BroorHERSL)-

oorFr ! Jos
Dong [ THAT
WaRSN'F TO0 BAD,
aFrer alL !

Hey! WHERE Do You
TH/NK YOU'RE GoiNg?

7o Bed! awo
DoN'r TRY THAT Bijcker -
OF ~ WATER TRICK A&a)5

- oR etse !’

| DON'T CARE TN
Goobd NIGHT!

" HE'S LockéED
HIMSELF (N !

G

Sorlri gve vou
HALE AN HouR !

2 BYT wWeve

=7 sru¢ Gor

A (T T

bo!

RIGHT { RESI, You TAKE OVER FROM

ME ? WHY 1967
You'Re NOT DOING
ANYTHING |

ves t ar ! pr
CO-0RDINATING ]
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TBe 1Y HE ISNT USED ERY OFTEN
WATCH Youl NOWADAYS, BUT You CAN STHL
FIND HIM /N TV SETS, RADAR,

LANGURGE, i
{ voune g, | | ANO OTHER 80D PLACES LikE
4 THRT.

TRANS! FORGDT TO MENTION THAT
THERE ARE OrWER HCTIVE'

COMPONENTS, BESIDES TRAN -
SISTORS . FOR /NSTANCE,

THERE'S GRANORR I ALYE
- THE AMNERICANS
CALL HIrT 'TUBE !

HES Like 7

77 N
HEN THERE ARE DIACS , TRIACS, ) ;",ﬁ;—?fmymy : LAST Bur NOT LERAST .
/ Joss | THE INTEGRATED
T, AND THYRISTORS. - crrecurr (/C)- R famG /
CHTERPILLAR,

THEV pETEN LoDk FUST
LIKE TRANSIS ToRS !

! Don'T BELONG
/N THIS BOOK,
Bur WERE suRe

To MEET AGAIN
IN THE Ferucet

WERE GorNg 7o STRRT BuiiDING

B FEW INTERESTING Crrcuirs wow\ [ =~ #480 DO & FEW §urss. || LET'S START oN

BLONG THE WARY, We witl ... THEYRE NOT HERD , BND crRCHT 8. FOR THIS,
THEY DO HELP You 7O WE NEED .

UNDLERSTAND WHATE
HAPPENING IN
A BATTERY

ELECTRONIC CoNNECTOR,
CIRCUITS ...

ATk RESISTOR,
A LED, A TUN,
Two 33k
RESISTORS
8 1006 F/ 70V caPg
AND A Tok PRESET

POTENTIOMETER .
;S NOTE THARAT
QO F/To V' (IEANS
THAT THE vOLTAGFE RATING OF g
THE ELCO MUST BE AT LERST ToV [6VoR 25V vy
—— Flso Do’

FIRST WE MUST
Builp 11, TROYEH-
MOUNT THE

LOMPOMENTS
LIKE THIS . --

SN THIS CIRCUIT, THE PRESET Po7ENTIPS
TETER CONTROLS THE BRIGHTNESS OF
N_THE LEO - AS WE Wit SEE.
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... LERVING oy THE CAPRCITOR FOR
NOW. TURN THE POTENTIOMETER
RIGHT UP, AND THE LED WL LIGHT,

NOW, USING OHM'S (AW, WE
CAN SEE THAT THE BASE

CURRENT [S VERY WERK -(7" /S
o LIPTITED BY

THE TWO 33k
RESISTORS.

So MucH FoR THE
BRSE CURRENT
NOW , THE

CoceecTor !

RIGHT ... EEHA ... THE o/ -
TRGE RcRoss THE T
RESISTOR Wil BE
G- [V (THE VoL -
TRGE ACROSS THE
LED), IF THE
~\ \7RANSISTOR /5 IN
" SATURRTION. . .

... BeCRUSE
THEN THERE
WiiL BE No VoL~
TREE [FACROSS IT.
LETS HOPE T (S IV

SeTuRATIONS LET
ME SEE NOW ...

) (GREATER THAN 15
& ‘THE TRONS/STOR HES
§ | 7090015160 THE CuRRENT!
IT 15 IN SRTURATION,

BECRUSE TS GA/N ...

. 1S SURE To BE mucH
 MORE, THAN 57

Now (ETS PLAY AROUND
WITH THE POTENTIOMETER . ..

= AN
9

W/TH T TURNED P TO MAXIMNUM,
THE LED LIGHTS UP BRIGHTLY,

NOW, WHEN WE TURN (T DOWN ,
| whAT HAPPENS. ?

FROM B CERTRIN POINT N, THE
LED STHRTS 7o DIM. AS WE g
| TURN THE PRESET DOWN FURTHER,
WE WILL REACH 7 POINT WHERE
THE LED GOES OUT.
Tt g TRANS (S TOR
/8 ‘cur gFF’, RNONG
MORE CURRENT /S
FLOWING THROUCH (T

WE HAVE VARIED THE

VOLTRGE /T PoINT A FROM
Gy pown To OV, So THAT
THE BASE CUREENT HAS DROPPEL
Zeor 0./3rA 7O OmA . WHEN
WE TURN P B =
UL, THE CURRENTL :

IN OTHER WOEOS, WE G0 FROM
SRTURATION

(Ic LESS THAN THE GRIN TIYES
L, AND THE VOLTAGE BETWEEN
coiLecror anp ErirrER-YCE -
ALMOST EQUAL TO OV)
rHROUBH A LINEAR' RANGE
(wheee Ic =prIs, an0Vce
RISES) TO THE CUT-OFE POINT

(Ic =g - OmA, AND Vce =9v)

/.. AND Brck
 Rgaw, OF CouRSE.

WHILE WE ARE AT T, THIS /S AS
GooD A Tir9E AS

core ow,

ANY To DEMON-
STRATE How

AND DISCHARGES .

LETS rouNT
vou !

CAPPY CHARGES

N HORSE -~ BRCK
NOT 0 € e e

=

No,Don'T
WokR ‘Lf.\/P

DISCONNECT
rHE BATTERY,
AND SOLDER

/N OuR FRIEND
AS SHOoWN.
(waArcH HiS@ RND
&) TuRN THE
PRESET 4P TO
MRXIMuUl.
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RE ~ CONNECT 7HE BRTTERY, DID
Vou NOTICE ANYTHING P Rletr ! (7 700K

B LITTLE WHILE FOR THE LED TO
Lot !

THE CHPACITOR HAD

EVEN WHEN THE LFD

LIGHTS, THE (RPRCIToR 1S

STHL CHRREING . [T TAKES

RBOUT /5 SECONDS FOR IT
\ TO CHARGE RIGHT

N\ P IN THIS CASE.

1T HAD T maiT? UNTIL N

CHAREED SUFFICIENTLY
7O ‘riign o’ THE TRANSISTOR.

7S You CAN SEE 9
HERE, THE LED A
LIgHyTS BT QUITE AN &
EARLY PONT INTHE | .
CHARGING CURVE’
]
3
2
4
a3y
[a]

Fankee

& THE LED LIGHTS

oY

ETC.

‘WHT ABouT FIFTEEN SECONDS, e
THEN RAPIPLY TURN THE POTENTIO

METER n RIGHT DOwWM.

NOTHING WL
HRADPEN FOR 2
SHORT 7/ME

— THEN THE LED
Wil ¢o our,

[T WONT GO OUT COrMPLETELY
UNTIL THE VOLTAGE HRS DROPPED
BELOW THETHRESHOLD' OF THE
TRANSISTOR (0.7 V).

DON T WORRYN
[F [T TAKES
MORE OR LESS
T/ME THAN

Wwe SHow HERE
- THESE DRG -

A SKETCH,

PRINCIPLE,

< WINGS RARE JUST

70 SHOW THE

! CHOSE § TOOMF CRPACITOR .
JF 1 HAD USED THF OR T00NE,
1T INOUD RLL HAVE HAPPENED
TO0 QUICKLY For You
7O SEE ...

7 ) USED 100001
You WaueDd HAv
HAD TIME FOR
7 WALk

POUND THE

Block!

WE ADDEDL CAPPY,

POTENTIOMETER
70 AND FRO.
NOW, HOWEVER, . ..

LET'S TRY SOMETHING ELSE. BEFORE

THE BRIGHTNESS OF THE LED
7S You TURNED THE

You SAW (oW
(/AERIE

L IF You TWIST IT RARIOLY 7D ANO
FRO You Wit FND THAT THE
BRien TNESS OF THE LED DOESNT ;
CHANGE . THE CAPACITOR /3 'SI100THING
THE VARYING VOLT AGE FROM THE &
DOTENTIOMETER :

onLy WHEN YOU TURN IT
VERY SLowey, THE BEIGHT -
NESS OF THE LEDH WILL

Fowlow STEPL,

NOW, [E75 TRY SOMETHING
COMPLETELY DIFFERENT. WE
WILL (SE THE TRENSISTOR AS
B ‘SwrrcH’ (N THIS NEXT

| ciRCLIT T WHL BE BiL oR

NoTHING,' 7S FAR RS THE
| CURRENT IS CoNCERNED !
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THIS CIRCUIT occuPlES PART
OF SECTION 3 OF THE PRINTED
CIRCUIT BORRD. [T 1S A
SQUARE - WAVE GENERATOR ),
THAT CAN BE USED FOR
FLASHING LIGHTS OF A4S

A SIREN.
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FOR THIS , WE NEED .

A BATTERY CONNECTOR,

A SWITCH, A MINIATURE LOuO-
SPEFKER, TWO TUNS, A
LED, Two 33k RESISTORY
R 1K BESISTOR, TWO 470
\RES/STORS ANO TWO
L2 uF 10V ERPACITORS,

By THE Way :
Don T Worey
BABOUFr THE
Ekacr vaLuE’
FOR THE LowD-
SPERKER - ANY -
| 7HING BETWEEN
&1L AN 350
wiLe. Dot

TWO WIRES ARE USED TO CONNECT THE LOUPJPRKFJP 7o THE & e
| OARD .
REST OF 7HE BORRD IN/li BE WUSED [ATER o ! i

JUST FOR THIS ONCE . YOU SHOULD

MOUNT THE TWO CRPRECITORS

P IN P1DAIR. IN OTHER WORDS.

DONT SHORTEN THE WIRES
ar ALt

LATER ON, WE WILL REMDVE THEN
RGAIN BY CUTTING THEIR LEADS OFF
AT THE BOARD . THRT INRY, THERES
NO NEED ro UNSOLDER THEM (1T
SAVES DRMAGING THE BOARD, OR
BURNING

o OUR FINGERS /). ..

c.. AND WE
cAN RE-USE
THEM ELSEWHERE.

7 THESE FOuR
A HoLES ARE Nor
USEDL YET.

THE TWo TRANSISTORS WL CONOULT AND
Block , FALTERNATELY. WHEN ONE (S ON’,
THE OTHER (5 OFF' Te/is Wil CRAUSE

THE LED TO FLRASH.

7O GET AN tDER tHow THE
CIRCUYIT WORKS, LET'S FIRST
ASSUME THAT T7 1§ CONDUCTING .
C2 wils cnaree THROVGH RBZ, ;_a
THE YoLTAGE R THE BASE 0FT2
Wil Slowly RISE. WHEN (T RERCHES
THE THRESHOLO VOLTAGE OF T2
Wite
(0.7V), THIS TRANS/ISTOR
TURN 0’/\/ — /T 1585 (5 A PIECE
oF WIRE 15 CONNECTED SUDDENLY
BETWEEN /TS COLLECTOR AND
e rTER | THE LED WILL LIGHT.
AT THE SAME TME- -

%

%ééé,‘w}ﬁmww.-.‘.w %

' = % ‘*ﬁ‘i
(X $O06. o QX
%’00"“ VY avey ‘*%%

‘Qm
%%:‘@ﬂ'émq%w Good
oS S

S/NCE THE TWO BASE RESISTORS'
(Ra7anp FBL)ORE GoTH THE
SHRIME VRLUE, AND THE SAME
APPLIES 7O C7anp (2, THE TRAN-
SISTORS WL SWITCH 70 AND
FRO AT PEGULRAR INTERVALS.
THE ‘o’ TIrIE BND 9FE’

TimE OF THE LED
ARE THE SAME .

[F You LIKE, You CAN PLARY
AROUND W(TH Sorie OTHER
VALUES. FOR INSTANCE , ConVNeELT
A 4KTFRESISTOR /N PRRALLEL
Wirk 87 ok a8z . OR on-
NECT A 700 £ F CAPREITOR
ACROSS C7 0R C2 . DONT
WORRY, You woN'T DRMAGE
ANYTHING ! MERNWHILE  THE

LOVOSPERKER wiil B&
THCKING RWAY. ..

.. Of MRYBE
ITS Moge
ke Tock!

P

AND SC ON._.

{ ---AND ON... p

C7 PULLS THE BRSE
VoLTAGE OF T°7 DownN,So
THLS TRENSISTOR C«rs OFF.
NOw (TS THIS CRPRCITOR'S
TURN TO CHARREGE , THROUGH
BRI, UNTHL THE V0L TRGE AT
THE BASE OF 77 RGRAIN RISES
ABOVE 0. FV. THIS TRANS/STIR
TURN S ON RGHIN, TURNING OFF

T2, AND THE LOUOSPERKER
GoES 'Tock !,

W Sturpl

L




rHE VALWES OF
C17,Cz, Raranp Kal
DETERMINE THE
FREGUENCY — THAT
18, THE RRTE AT
WHIEH THINGS
Swing TO AND
FRO.

[ THINK HE DD
THRT oN
Purrose!

wi7r THE B2 (0 F
CAPACITURS ,THE
FREQUENCY |3 VERY
Low. Vou can SEE THE
LED FLASHING ON
AND PEF. ..

- AND YOoUu CRN
ﬁ- Hem? THE

LoudsPcakeEr
GOING T 1C ke -

TOCk’ RS THE

NOW WE CAN TRY SoMETHING ELSE.
DISCONNELT THE BRATTERY , AND CUT
GFF THE 224F CAPACITORS RS SHOWN
O THE PREVIOUS PRGE. THEN
PIOUNT TIWO LENF CAPACITORS
IN THE LINUSED HOLES Bé‘sme' --
THEM :

DON'T LHANGE
ANY OF THE
OTHER
COrgPONENTS

&cos, cur
FF SHORT.

SINCE THESE CAPRCITORS ARE
fooo T/MES SPMALLER , THE ;
FREQUENCY W/LL BE 7000 7/rI€S
HIGHER . THIS WILL GIVE A Loud
WHISTLE IN THE [OUDSPERKER .
THE LED FLASHES own AND OFF
SO RAPIDLY THRAT (T SEEMS
7o BE LIT CONTINUOYSLY,
ONLY LESS BRIGHTLY.

THERES NoT
PUcH FUN N

GoLty /
WHAT 8N
AWFUL RackerS

THIS 15 WHRT THE VOLTRGE LooKED
LtkE€ AT THE COLLECTOR oF T &,

| WHEN WE HRD rHE LIuF
CA}PA?CJTOEJ IN, THE TRANSISTOR

SWITCHED ON AND OFF 3 ‘g § ‘é §
{ 2B RUPTLY, Byl olahes B 6 A T Wi 2T __.tEDiON
oY, smmemao—a LED OFF
2 2 3 S5EcoNDS . :
4 cyele

‘ M I W 'mmm ol

NOW, Wirn THE 2InF
CRAPRACITORS, THE CIRCUIT
SWITCHES So RRPISLY

THAT WE CAN'T SE€ oR
HERR ERCH [NDIVIDUAL

FCIC-SG /T SEEMS LIKE
Conrine dus TONE -

fooo

CYCLES

N

7 SEcamd

(S ONE 1MTPORTANT THING THART | MUST

BEFORE COMING 7o THE NEXT STEP, Tﬁﬂh

EXPLRIN-

EARLIER ON, IWE SAW How AN
BLTERNRTING VOLTREE SWINGS /P
BNE DOWN BRoUND DY, . . ;

[N OTHER WOROLS , THE
Voirage 1s Posirive For

FOR THE REST or
THE TIME

PostTive PERK

o

HRLF THE TIME, Runo NFJHFH’F
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HOWEVER, THE CENTRE LINE FOR
OUR SIREN TONE (S NOT OV. 17 (S
PIOWRY BETIWEEN OV AND G2

45V THE SIGNAL SWINGS :
WP AND DOWN ARGUND|

THE PosITIVE
PERKS' nrRE BT
S GV, pnd THE
| 'WESATIVE PEAKS’
ARE RCTURLLY

OV~ NoT NEGRTIVE

ar ALt ! av -

IN OTHER WORODS, /T /S AS IF
OtR SIGNAL 1S B MIXxTURE OF
TWO VOLTRGES | AN RLTERNATING

VOLTREE oF 9 i
( Pepk -70-PERK .

.. AND A DIRECT
VOLTAGE OF 4.5 V.

IF NECESSARY, THE
DIRECT VOLTRGE CAN

&& sToprPED By A
CRPRCITOR , IS WE
WLl SEE o

BY THE WARY, You CAN USE THIS
C/RCUIr AS AN AUDIBLE 'ConTi —
NUITY TESTER'. UNSOLDER THE
AND TOUCH THE TWO
LERDS TO R BULE OR y
Qe 7o 4 o100E(BoTH |(aNITH
; o WAYS RoundY, :
IF You HEAR #

0] 15 Ok - oR THE
DICOE (S
CONOUCTING.

THE 7wo

«sfﬁ'mfr-’ £EDS 70 THE

Z ] SWercy ARE Now
7~ 48] 4sep Rs TEsr f
¢ —— LEADS. IF You Don'r|

HERR A TONE. ..

.. TOUCH THE
LEADS TOGETHER 70
p MAkE SURE
oy YOUR CIRCUIT
1S WORKING -

You €AN ALSO USE THE
CIRCUIT FOR SENDING
MURSE CODE. You CAN
MAKE A key’' WITH A
PIECE OF SPRINGY (oPPER
(OR BUY _9NE...).

THE (7085€ COODE USES Long
DRASHES AND SHORT DOTS, WITH
PRACTICE , You CON TRANSM 7 BETWEEN.

20 AND Y0 WDEDS PER PiINUTE . YOU o
WLl HERR T BE/NG USEP ON Fogme
THE SHORT WAVES. 'l

DI -DAH ~DAH DAY -D.

- SEeEE O

W —-—
e AL E ]
Y - e
Z e

SHRLL WE HRVE A Look

SEf— s (e
) it/ ey iy

;.

2 M = g = 7 g omm W WE S =t iy s |
e fmmios d=SEE. ) \ - sty e,

A LOUDSPEAKER CONSISTS OF A METAL ‘cHAssIs (1), R
MASNET (3), A PAPER Cone'(3), Ano A vorce coil’ te) THAT
18 MOUNTED ON R TUBE . THE TUBE 15 GLUED TD THE CENTRE
OF THE CONE, RND IT SLIOES T0 ANO FRO (N THE MTAGNET.

DEPENOING ON THE DIRECTI=

ON OF THE CURRENT THROUGH
THE Colt, IT 1S E1THER

| SUCKED INTO THE MRAGNEF OF

PUSHEL OUT, THIS MOVES
THE CONE, _C'G(IJ/IVef
VIBRATIONS /N THE AIR -

WHICH WE CAN HEAR,

WE HUST RDIMIT THAT THE

CIRCUIT IWE HAVE NowW DOESN'T
IMAKE THAT MUCH NOISE . WE
Coutn DO WiTH AN ‘ArMPLIFIER’,

TO INCREASE THE POWER . LET'S
: Buitd ONE/




BoRRD ,

THIS WIlL FIT oN THE
REST OF THE
PRINTED CIRCUIT

FIRST, REMOVE
THE MOESE KEY
Ano REPLACE
TME SWI!TCH (¥
) ITS ORIGINAL

! Posirion.

\ ) THEN cur oFF T\
Ny N THE WIRES TOTHE
ot ) g . A LUwDSPEAKER,

T 4 CLOSE TO THE
= PRINTED CIECYIT

BORRD.

" THE MORSE KEY CONNECTS
THE OLD CIREUIT TO THE NEW.
PART, AND THE LOYDSPERKER r7OVES

O THE ‘barAurs .

MoRSe kEY

H

O

-

k SEE? IT ALl «  AMPLIFIER —
. FiTS on THE Board!

Eada L S R 1 ey =y 8erch e

SHOVE OVER,
SHRIMP, THE
Bla BovYs ARG

Power

OTHER

WE RE THE

TRANSISTORS,

AND [ 17 NEN.
WE RE Like

TRANS (STORS,
Bur MUCH
sTRONGER !

7 WiHeNn We REHLLN
ﬂ-‘f GUING, WE NEED )

7 HEAT - SINK’ TO

Coot vs Doww !

THAT'S WHART THIS
HOoLE IS FOR,

Y BUTr Don'T WORRY
- WE Won'T NEED
IT EoR THIS
LITrLE JAs.

MAYBE SorME
OTHER TIME.

S ASK THE MAN IV
THE SHOP - HE'LL
TELL You !

J WHAT posT
OF US LoOk
LIKE, BUT THERE
FRE OTHER
VERSIONS «

IF You GENTLEMEN WILL
KINOLY SHUT YOUR
TRALS ! ... 1CcAN SHOW

OUR RAMPLIFIER .

T3 TUNv
Cy 22uF 7Y TIP2G
(5 AJoopF 75 TiP30
P rokad D - pus

Ré¢ &9k 160 Loup~
o7 33Ma.  STEACE

RE fooll MORSE KEY

&9 Adoofl BRTTERY
150 CONNECTOR

S BE: A
ANY LOUDS PEANGR
BETWEEN 82 AN,

35.a wrt bo

THE POWER AMPLIFIER
CONVERTS THE LITTLE
SQUEAK INTO A

louo WEEEEE!

lhL TRY TO
EXPLAIN. ..

EEHH... /TS VERY
SimpeLe, REALLY !
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IMRY | HAVE VOUR RTTENTION S OUR RIMMPLIFIER CONSISTS OF THE FIRST STAGE COMES FIRST .. _ J

WE Wilé NoW DISCusS LINERAR, TWO STHGES . FIRST, WE HAVE, R 5 i :

OPERATION 0F & TRANSISTOR A VOLTREE AMPLIFIER. ﬁs T / ~
HAVE GUESSED . IT'S 1

THE SECOND IS
A VOLTAGE FOLLOWER

THIS BIT.

OH NO 1T THIS
1$ EVEN Worse !

THE SAME CURRENT | Now, WHEN WE BPPLY AN ALTERNATING

FLowSs THROUGH K3 %

ano €y, Bur R3 1870 VOLTREE TO THNE (NPUT, THE OUTPUT
Wil SwWiNg

TIMIES LARGER. So THE
VOLTRGE ACROSS (7 IS BRognd SV... e
e oy, S o PEAK

TO LERVE ROOM FOR R MAXIMUIM
VOLT AEE SWING' AT THE OUTPUT, WE
rysr 'BIAS! THE COLLECTOR T0 +5V,
FRor HERE, IT CAN SWING UP Yy
AND DOWN Y V. THE VOLT AGE AT
7HE BASE IS SET BY R f,f;o??Z,
ﬁl/.aszé‘ DIVIDER . T IS &,“szqy.
7

el % PLROXIMATE LY.
75433 xq =177/, 7 i

79 TIFTES AS MUCH .
Qgy. ..

Y= 5V AT THE
COLLECTOR . JUST
IWHAT THE

DocToR ORVERED ! j

BETWEEN
0.2V p €RITTER

BASE AND
LEAVES o.uﬂvqﬂfﬂ"

(Ltxe THIS!
\ @ NEGATIVE PERK

4 Now , LeTs TAKE A Look -
BT BMPLIFICATION !  BFTER

1EF THE ‘BI4S' VOLTRGE RT THE

BRSE IS WRONG, TWO THINGS gv
CAN HAPPEN.EITHER THE ALL, THATS WHAT Ir's
COLLECTOR VOLTAGE WILL BE POSITIVE (! ) it paour!

Fiest, /Ll cLime
DoOwnN AND EXPLAN
THE BRSIC IDEA. AS
Yoy Wil SEE, (TS A
MOST PEC/LIAR WARY TO
TREART A SIGNAL |

PEAK

700 Low, SO THAT THE
NEGRTIVE - GOING
X\ Peaxs ARE FLATTENED

(‘cLipPep’), ..

ce WHICH
SownDS

HORRIBLE... /) 2V |-- [
OR ELSE 1T IS
SymBoL
Too Hi6H, S0 THAT | oy = R;ge 8oL s

THE PosiTIVE PFRKS

ARE CLIPPED - WHICH
DOESN'T SouNd ANY BETTER.

AN
AMPLIFIER ,

ot !
cLipping’ MISSINGY
SECT/ON \\ l,'

THE SRME N\
ApPLIES FOR THE
NEGRTIVE SIGNAL:
/T COoMES ouT
R .MucH BIGEER,

2]

({
WHEN WE SEND (N A
LITTLE POSITIVE SIGNAL,
1T WHL COME 0T OF
THE RMPLIFIER AS A
| MucH BiegeR NEGATIVE
N SIENAL . T IS INVERTED,

PFHE INPUT SIGNAL
COMES our AT A
CMUYCH HIGRER LEVEL ,

BUT ITS UPSIDE
DownN !
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WE CAN SHOW WHAT GOES
IN’ BND WHRT comMES our’in
THE SBMe DRAWING,

LIKE T#/S . ..

CorMiNg BAcCk, Now, To ouR TRAEN-
SISTOR > THE LITTLE SIGNAL THAT
1S APPLIED To THE BRSE witl

RLS0 APPERR Ar THE EMITTER .THE

7 VOoLTAGE ALRosSS KBe

(700 02) vARIES (N STEP,
AND So DOES THE CuR=
S BENT... WHICH AlSo
 Flows THROWEH B !
_ THIS RESISTOR IS

f0 TIMES A5 LARGE,

=< || S0 THE SAME CUR-
| RENT SWING GIVES
I & 70 T119ES GRERTER

VOLTASE .

THE AMPLIFICHTION, OR VOLTRGE GAIN,
OF THE CIRCUIT [S EQuAL TO THE RATIO
BeTweeN KC AND Pe. IN THIS CASE:

DONT GET MIKED

Sl
TAGE GA/

S euir. /T HAS VERY

[ /TTLE TO DO WITHB,

\ 7wE cukRENT &ﬂ//‘f, oF

 THE TRANSISTOR.

NOW WE CAN
PROCEED To THE
ScronND STASE [/

Z S IMPLIFIED, | T
Lok S LIKE THIS.

THERE ARE TwWo
TRANSISTORS HERE,
AND ERcH TAKES
CRARE OF ITS OWN
HRLF OF THE
SIENAL -

gv

WATrcH

17l THESE
LINES JOIN,
I RERLITY. /
ONLY SEPRARRIED
THEM TO SHOW

WHAT EACH
TRANSISTOR
_ Does!

[ ) THEY PROVIVE
) [ rrope currENT AT
THE SAME VOLTRGE
| 70 neeE fF THE

-

SINCE THIS STAGE HAS
7 ‘Dc Bias' oF SV AT E,
THE CURRENT WoUlLD B&
ENGRMIOUS 1E THE LOouo-
SPERKER WAS CONNECTED
THERE, THIS /S WHY /|
TACKED B CAPARCITOR IN
BETWEEN, /T BLOCKS

THE DIRECT VOLTAGE...

. AND ONLY PRESES
THE BLTERNATING
(SIGNRL) VoI TAGE
70 THE LowDs PERKER.

THIS BIT SHART
thy BODING HERE...

[/s swvrenoen. ..

C OWWRHH ... OF THE
{ AL

owww?._|
7O IMPROVE ... boowr/!...
THE PERFORMANCE

EXCUSE 1€ A MormENT,
WHILE ] §0 AND USE

SoME BrRp
; LANGURAGE - -,
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Wit FIND THARr THE UPPER

TRANSISTOR (NPN)
ONLY CONDUETS WHEN
THE VOLT BGE 1S
b 5 BoVE /TS THRESHOLD
B (0.7V RBOVE THE
N\ ;D= LINE). THE
PNE DoES THE
OTHER HALE

IF WE TRKE A CLOSER Look,WE N_ =

.-- BETWEEN + O.7v
AND — 0.7V,

THERES B BIT
PPISSING IN THE

g

PIDDLE - - -

k OUTPUTS, RS IN REALITY, ! 66T

WHEN | JOIN THE TWo

THIS DISTORTED S/GNAL .

L T 74E DOTTEDL LINE .
SHOWS WHAT IT SHould BF€.

WE PMUST ELIMINATE o
THESE FLAT BITS /
(DERD ZonNes).

P e S

THE LITTLE C/RCUIT THAT
!/ ADDED LAST 154 'BI1AS'
CIRCUIT, (T STEPS /P THE
VOLTRGE BETWEEN THE TWo [
BASES, ComPENSATING FOR <
THE THRESHOLDS OF Ty AND

>_\ i

-o. TO THE POINT WHERE
THEY ARE ON THE VEREE OF :
CONDUCTING . A TINY SGNAL-- 4

. AT THE INPUT IWILL
Now BE SUFFICIENT
To TURN THEM ON.

THATS
rUCH
Berree!

THIS 1S THE COMPLETE RMPLIFIER .
Vou CAN USE THE POTENTIOMETE
70 ROIUST THE V,”‘W;ié_./r e
SETS THE LEVEL OF -

TwouT SIENAL To THE RIMPHES

HoReRYIN
7 worxs!)

You CAN
TURN IT \
B, AND THE
DPERRTE
THE MoESE [

BEWARE, THOUGH ! YOUR
AMPLIEIER [S MORE POWERFUL
Now, RND You MARY FIND THAT
OTHER PEOPLE GET RATHER

ANNOYED...!

O ELSE T
You canN EXPLAIN THAT [T
WAS B USEFUL EXPERIENCE
AND THAT You LEARNED
A LoT.--

OR ELSE. .

/T GETTING
A HERDACHE
Agamt

.. You €AN TRY TO GET
THEM INTERESTED,
L OR

RS FAST As
You cAN/

FINGER ..

HOWEVER , ON BALANCE | B
LUMP ON /7Y HERD , A BLACK
EYE, A CUT CHEEK RND A SoRE
L THINKE TVE ERRNED
A FEW MINYUTES
REST. TRANS!
CAN TAKE DVER--.

You CRLLED 7
oors! sorey !/
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) DON'T MIND TRKING OVER, B
Lon can 1 P YOU'VE ALREADY,
EXPLANED : p
EVERYTHING .

/M REALLY
Sorky, RES!!

FOR ONCE,
| coME

YoU THKE
RUNNINE=

oEk =Y
1 vE HARD

AND WHAT HAVE You come and se& /-

DO You MEAN TO SRY
- BEEN DOING, MARY / e Al SorieT /
\ ETHINGL,

THAT [ DID ALL

A 'WATER
Mo FiER" \|
To HELP
vou EXPLAIN i

THINGS!
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IF ¥

THE

nai
7o

BEY
AME
Nok
OTH:

THERES JUST ONEL/TTLE

BIT OF UNFINISHED
: BUSINESS . ..

TAKE [T EASY,
Resi!

DLERASE, :
Crurt DOWNE..

WE MUST say

f éaopavf To oUR Pp?;ﬂvas

17 LookinG
FORWARD 70O THIS...

V' THIS IS THE END OF OUR
STORY — AND THE BEGINNING

OF A GREAT HOBBY!. . .

45 WE Wil SEE€ In
FYTURE RDVENTURES !

e/

THATS HOW WE DERL WITH

'THE MVYSTERIES OF ELECTRONICS

4

cx,'\ WoNT WE i

AND, WELL BF
&R 7

THE END
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